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HE asphalt and refinery tanks of the Le- 
hon Company,44th and Western Avenue, 
Chicago, are protected from rust with a tough 
film of lead which grips the metal surfaces 
of these tanks tenaciously. This lead paint 
film — Eagle Sublimed Blue Lead — 
has unusual rust preventive qualities, 
combined with complete protection 
from the weathering and gas fumes 
so destructive of the ordinary metal 
paint. 
Eagle Sublimed Blue Lead is the 
most recent member of the distin- 
guished family of Eagle lead-in-oil 





Tanks painted with Sublimed Blue Lead 
are protected against rust 


paints—including Eagle White Lead and 
Eagle Red Lead. It has gained instant popu- 
larity everywhere for its many advantages — 
greater economy, ease of brushing or airbrush- 
ing, further spreading, pleasing serviceable 
color, and the important fact that it 
does not harden in the container. 
Above all it offers adequate protec- 
tion against rust and weathering. 

Eagle is sold ground in pure Linseed 
oil ready to break up. 

Write today for a free copy of the 
valuable book, “Fighting Rust with 
Sublimed Blue Lead.” 


4 Sublimed BLUE LEAD 





“Does not harden in the Container” 





The EAGLE-PICHER LEAD COMPANY . 208 South La Salle Street - Chicago 
Producers of lead and allied products 
Sales Offices 
CINCINNATI CLEVELAND PITTSBURGH PHILADELPHIA NEW YORK MINNEAPOLIS 


BOSTON BUFFALO DETROIT BALTIMORE NEW ORLEANS KANSAS CITY ST.LOUIS JOPLIN 


Manufacturing Plants 
CINCINNATI NEWARK GALENA, KAS, HENRYETTA,OKLA, PICHER,OKLA. CHICAGC 


EAST ST. LOUIS, ILL. ARGO, ILL, JOPLIN, MO, HILLSBORO, ILL. INTARIO, OKLA 
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The superheater 


Advantages of Foster 
Superheater Construction 


Steel for strength, cast 
iron for durability. 
Four to six times as 
much heat-absorption 
surface as obtained 
from bare tubes. 


Reserve heat stored 
for sudden demands. 
Steam stays close to 
the hot tube surface. 


Great flexibility of de- 
sign. 


“The Superheater 
with the Extended 
Surface.” Over 10,- 
000 installations. 





with the fly 





Just as a mechanical flywheel 


supply or demand and stabilize the 
transmission of mechanical energy 
in a gas engine or shear, so there 
is a similar need for a heat energy 
stabilizer in a superheater. Here 
both supply and demand of energy 
are apt to fluctuate—the former 
due to change in furnace conditions, 
the latter due to variation in steam 
requirements. The Foster construc- 
tion is the only one that provides 
the necessary “flywheel” effect. It 
does this by means of its charac- 
teristic cast-iron rings or gills weigh- 
ing over 7 times as much as the bare 
tube and giving far more heat reser- 
voir capacity. 


Ww 


necessary to absorb excess power 


heel action 


The stabilizing effect of these rings 
is well illustrated by the experience 
of the Inland Steel Co., where, as 
shown in the charts above, the 
superheated steam temperature 
varies less than 10 deg. even though 
the boiler load fluctuates from 1200 
to 3000 B.hp. 


Write for the Foster Superheater 
Book. It describes all the ““whys” 
of Foster Superheater construction. 


POWER SPECIALTY 
COMPANY 


111 Broadway, New York 


Boston Philadeiphia Pittsburgh Chicago 
San Francisco Kansas City Dallas 
Detroit Boulder London, England 
Plants at Dansville, N. Y., and 
Egham, England 


FOSTER 


SUPERHEATER 

















Timken Steel 
for Timken Bearings 


The world’s largest producer of electric furnace steel 
is the Timken Roller Bearing Company. A complete 
steel mill is part of the marvelously self-contained 
Timken Bearing plant. 


Timken Tapered Roller Bearings are produced on a 
scale so large, because of their large importance 
throughout manufacture, construction, mining, agri- 
culture, transportation, and every field in which 
machinery is used. 


Timken Bearings are being designed into every sort 
of machinery to eliminate excess friction, to save 
labor, power and lubricant, to increase quantity and 
quality of output, and to lengthen machine life. 


These economies are so important to all the industries 
that 132,000 Timken Bearings are being added daily to 
the 150,000,000 Timkens already successfully applied. 


Each day—each year— Timken Bearings become of 
still greater interest to all concerned with machinery. 
As a potential engineer you have a direct interest in ob- 
taining the valuable little book on Timken Bearings. 
It will be sent free on request. 


THE TIMKEN ROLLER BEARING CO., CANTON, OHIO 
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The Incas would not know the 


Peru of today 


Construction activities of The Foundation 
Company in Peru are changing the old order. 
The layout for the modernization of Lima, 
Cuzco and thirty other cities is comprehen- 
sive and has been carefully planned with this 
progressive republic. 


The Office Building of the Ministry of 
Public Works would do credit to any com- 
munity. It represents the public interest in 
facilities for efficiency in government. Thirty 
new public schools will be the equal of those 
of any country. 


Highways and Streets are being paved to 
meet the needs of motor traffic in the cities 
and between them. Asphalt or concrete are 
used depending on location and necessity. 
This familiar looking paver is only a part of 
the modern equipment seen in Peru. 


The New Water Supply System— including 
underground collecting galleries high in the 
hills, concrete reservoirs, and conduits of con- 
crete or iron—will soon supplant the well 
constructed, but entirely inadequate, vitrified 
clay pipes of the ancients. Sewers and Dis- 
posal Plants will guarantee the health of the 


people. 


The modernizing of Peru is 
a typical construction project 
of this organization. 


THE FOUNDATION COMPANY 


CITY OF NEW YORK 


Office Buildings - Industrial Plants - Warehouses - Railroads and Terminals - Foundations 
Underpinning - Filtration and Sewage Plants - Hydro-Electric Developments - Power Houses 
Highways - River and Harbor Developments - Bridges and Bridge Piers - Mine Shafts and Tunnels 
LONDON, ENGLAND 


BRUSSELS, BELGIUM 
TOKYO, JAPAN 


ATLANTA SAN FRANCISCO MEXICO CITY 
PITTSBURGH LOS ANGELES LIMA, PERU 
CHICAGO MONTREAL, CANADA CARTAGENA, COLOMBIA 


BUILDERS OF SUPERSTRUCTURES AS WELL AS SUBSTRUCTURES 
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@endardiont Concrete 


This illustration of the Koehring 
escapement type batch meter 
shows the method by which the 
discharge chute is automatically 
locked as soon as the charge enters 
the drum. The discharge chute 
cannot be moved until the regu- 
lated mixing time has elapsed, when 
it automatically releases the dis- 
charge lever and signals the fact 
with a bell. The meter also registers 
each batch that enters the drum. 


Patént Nos. 
1,321,460; 1,282,558, 1,338,761. 





oo Koehring Company long ago foresaw 
the value of standardizing concrete,— 
foresaw and provided for it before the tre- 
mendous volume used in constructing roads 
and permanent structures made standard- 
ized concrete a vital necessity. 


One of the most important means of in- 
suring a uniform strength and quality of 
concrete is the Koehring Batch Meter,—a 
positive means for timing each batch and 
measuring the thoroughness of mix. This 
device, upon being set for the specified mix- 
ing period, automatically locks the discharge 
chute as soon as the drum receives the 
materials; the discharge chute cannot then 
be operated until the full specified mixing 
time has elapsed. 


Every state highway department requires, 
in its specifications for concrete highway 
construction, the use of batch meters. This 


KOEHRING 





Koehring development is an integral unit 
on practically every paving mixer today,—a 
Koehring contribution to the industry. 


The Koehring mixer, with the Koehring 
batch meter, Koehring five action re-mix- 
ing principle, and the Koehring automatic 
water measuring tank, provides the most 
positive mechanical means yet developed 
for producing standardized concrete of un- 
varying uniformity. 


COMPANY 


PAVERS, MIXERS— GASOLINE SHOVELS, CRANES. DRAGLINES 


MILWAUKEE, WISCONSIN 
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The Technical Graduate in the Paper Industry 


An account of the opportunities for the college man in this tremendous field 


mechanical art, consisting as it 

does of the production of a con- 
tinuous web of fabric by aggregating 
structural units of rather minute di- 
mensions. 

The sources of these units are the 
vegetable fibers which are first isolated 
from the fibrous raw material by 
mechanical and chemical treatment. 
At this stage of the process the material 
is called “half-stuff” if produced from 
rags, and “pulp” if from woody sources. 
Further refinement by mechanical 
means fits it then for the formation of 
paper. 

Originally, the making of paper was 
a very simple art, requiring some skill 
and dexterity, but no science. From 
such a beginning, the industry has de- 
veloped in all its phases, till now it is 
one of very great importance, involv- 
ing chemistry and about every phase 
of engineering science. It covers such 
a wide range of utility that it is divided 
into many branches. 

It is only within a comparatively few 
years that chemists have been em- 
ployed in paper mills at all. There 
were no recognized needs for them. 
When on the frontier, as I express it, 
as a chemist in the industry, I used to 
be frequently asked, ‘““What can you 
do for us?” and I confess that at that 
time I had to use my wits to gain a 
hearing. So simple a thing as making 
moisture tests of pulp was, I believe, 
my most important entering wedge. 
Still, as most commodities are sold 
naturally “conditioned,” the question 
of atmospheric moisture bulked large. 
There was a considerable controversy 
as to what allowance was fair, relating 
to pulp imported from foreign countries 
in ships, and the customs prevailing in 
those countries as compared with do- 
mestic pulp produced in a drier climate. 

Out of this experience grew a con- 
siderable knowledge of atmospheric 


Precis making is very largely a 





By Martin L. GriFFIn 


Chairman, the Committee on Training in the Industry, of 
the Technical Association of the Pulp and Paper Industry 


conditions, relative and absolute hu- 
midities, all of which involved drying, 
heating, and ventilation, matters of 
paramount importance in various fields 
of engineering, and which the chemical 


This article is the fourth of a series to discuss 
the future of the technical graduate in various 
professional fields, and the training-schools 
in those fields. It is hoped that this series 
will be of interest to the men in the senior 
class who are to be confronted with the prob- 


lem of deciding just what field of activity 
they will enter upon graduating. 

The fifth article of the series, to appear in 
the April issue, is “The Technical Graduate 
in the Textile Field,” by F. A. Collins, Fr.,'97. 





engineer is best qualified to compre- 
hend. 

I did not intend to introduce the 
chemist thus early into my account, 
but to show that in the early days of 
paper making, when manufacturers 
were skeptical as to the use chemists 
could be to them, there existed very 
important problems. 

There are many sources of raw 
materials from which paper can be 
made. Some kinds of paper can be 
made from any fibrous substance. It 
is even claimed that paper can be made 
from banana skins. Fabricated as- 
phalted shingles are made from the 
waste bark of pulp wood. A coarse 
paper is made from bagasse in Hawaii, 
and is used to protect the young pine- 
apple. plants on the plantations there; 
but generally speaking, the chief 
sources of paper are few, rags other 
than woolen, various woods, chiefly 
spruce, balsam, poplar, and the like, 
and the bast fibers Ress certain plants, 
notably jute, flax, and hemp, all well 
known to us. The.Japanese have used 
bast fibers very largely from plants 
indigenous to their country. Besides 
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these, there are certain grasses which 
grow abundantly in northern Africa, 
called esparto, which have been used 
in the British Isles for many-years for 
making high-grade book or printing 
papers. Cereal straws, before they 
came in competition with chemical 
wood pulps, were utilized at times for 
printing papers, and they are a natural 
source which will be utilized again in 
the near future. 

Had it not been for the discovery 
that wood could be used as a source 
of paper, no such expansion as we have 
seen in the industry could have been 
possible. Where there is large tonnage 
production, an even larger source of 
raw materials must be available. Wood 
fulfills this condition in this industry. 
Nowhere can such a _ concentrated 
source of raw material for paper be 
found as in wood, nor one of such 
natural uniformity, or which lends 
itself to large scale production. It has 
been customary, and still is in many 
localities, to build the mills at points 
on the rivers where power may be 
developed, and to carry on logging 
operations on contiguous territory up 
stream, where the logs may be “driven” 
down to the mills at a great saving in 
cost of transportation. 

It is common practice to store vast 
quantities of wood behind booms in the 
rivers and lakes, and at seasonable 
times release it to the mills below. 
This method of storing wood is a very 
fortunate circumstance, because the 
water preserves it from decay, whereas 
when stored in the air it deteriorates 
rapidly. All fibrous materials and 
their products are better conditioned 
by retaining their normal moisture, and 
they lose some of their good qualities 
if deprived of it. 

Until wood entered the industry, it 
subsisted entirely upon the refuse of 
other industries, chiefly textile. It is 

(Continued on page 26) 

































































Measurements and Units of Measure 





Interesting sidelights on some of our every-day tools which we use often and 


HE only means of comparison 

which we have consists of meas- 

urement of one sort or another. 
Nearly all of our scientific knowledge 
rests upon measurements. In fact, 
engineering research consists prima- 
rily of first devising some new or im- 
proved method of measuring, then 
taking the measurements, and finally 
analyzing the results. Every engi- 
neering calculation rests upon meas- 
urement. 


As a matter of fact, 
scientific knowledge is largely due to 
the development of new and improved 
methods of measuring. More precise 
measurements make apparent the in- 
fluence of certain factors that less pre- 
cise measurements may fail to show at 
all. This does not mean that the 
measurement itself is the most im- 
portant factor, but rather that the 
measurement is the foundation on 
which all succeeding work depends. 
The measurement is often the simplest 
part of the task. The more difficult 
part is the correct analysis of the meas- 
urements. Nevertheless, the accuracy 
of the final result rests largely upon the 
accuracy of the original measurements 
on. which the final result depends. 


It is an axiom in the machine shop 
that the accuracy to which you can 
work depends upon the accuracy to 
which you can measure. The removal 
of material from a part in process is 
usually simple. The critical point is 
to know when to stop. When the 
nature and amount of an error is 
definitely known, it can be corrected. 
It is an error of unknown nature and 
amount that is troublesome. To de- 
termine the nature and amount of any 
error involves measurement. 


Measurement implies comparison 
with some standard. In every line of 
human endeavor, measurements of one 
sort or another are the only tests of 
achievement. In engineering, measure- 
ment is a fundamental process. Here 


measurements are required in units of 


time, space, and mass, and the various 
combinations of these units. 
Measurements of space, or length, 
are expressed in terms of some definite 
unit of length. Fundamentally, such a 
unit of length is a fixed distance in 
space. 


temperature, material, etc., are not in- 
volved. It is only when these units are 


represented physically by some bar of 


metal that these factors are introduced. 
In order for any unit of length to 
have any practical value, it must be 


increase of 





As far as such abstract units of 
length are concerned, the matters of 


think about seldom 


By Eart BuckKINGHAM 


Associate Professor of Engineering Standards and Measure- 
ments, Massachusetts Institute of Technology 


definitely established in some manner, 
either by law or common usage. 

From early times the attempt has 
been made to establish a unit of 
length in terms of some natural phe- 
nomenon, but eventually these units 
of length were established arbitrarily 
as the length of a definite metal bar 
under definite conditions of tempera- 
ture. For example, at the present 
time the most widely used units of 
length are the yard and meter, and 
their subdivisions. The attempt was 


The technique of measurement, or skill in 
the art of measuring, is an important part 
of every engineer’s equipment. The first 
essential to acquire this skill is a full under- 
Standing of the nature and purpose of 
measurement. The object of this series of 
short papers is to present briefly some of the 
fundamentals of this subject. We have first 
the measurements themselves and the funda- 
mental units of time, space, and mass. Next 


we have the application of these fundamental 
units to define specific engineering standards. 
Then we have the problem of testing, or ac- 
tual measuring, to insure that these specific 
engineering standards are maintained. This 
series of articles attempts to cover briefly 


these three phases of measurement. The 
second article, to appear in the April issue, 
will deal with the definition of specific en- 
gineering standards. 


made to define the yard as the length 
of a pendulum with a definite period of 
oscillation. This was found impractical. 
The attempt was made to define the 
meter as a definite part of the earth’s 
quadrant, and this also was found im- 
practical. In both cases the size of such 
a defined unit of length was found to 
vary as improved and refined methods 
of making the necessary observations 
were developed. It is obvious that a 
fundamental unit of length which is 
subject to any appreciable variation 
will create much confusion and be 
practically worthless. In both of the 
foregoing cases the fundamental unit 
of length was eventually defined as the 
distance between two lines on specific 
bars of metal at specified temperatures. 

It is of interest to note, however, 
that at the present time it appears to 
be possible to define these units of 
length in terms of light waves. If the 
primary standards of length were de- 
stroyed, they could now be reproduced 
within a limit of error of one or two 
parts in a million by such means. At 
the present time, consideration is being 
given to this method of defining these 
fundamental standards. To the best 
of our present knowledge, units of 
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length so defined would be more stable 
than our present physical metal ones. 


The unit of time is usually taken as 
one second. This second is usually a 
second of mean solar time which is the 
1/86400 part of the average length of 
a solar day. A solar day is the period 
that elapses between the sun’s crossing 
of the meridian — or directly south in 
the northern hemisphere, and the next 
occasion on which it crosses that line. 
All solar days are not equal. The unit 
of time is therefore taken as a definite 
part of the average length of a solar 
day for a year. Astronomers use the 
sidereal day, which is the interval be- 
tween two successive transits of the 
same fixed star. The sidereal day is 
shorter than the solar day; it is more 
nearly constant in length, as a sidereal 
day is the time of one complete rota- 
tion of the earth about its axis. 


The third fundamental idea involv- 
ing measurement is that of mass, or 
quantity of matter. The motion im- 
plied in this term is quite distinct from 
that of weight. The weight of a certain 
quantity of matter depends upon the 
presence and nearness of other matter, 
which attracts it according to the law 
of gravitation. The force of gravity 
varies; the effect of gravity on a given 
mass — that is to say, its weight — is 
greater as we near the Pole than it is 
at the Equator; and the weight of a 
given mass varies, therefore, according 
to local causes, while the mass, or quan- 
tity of matter in it, remains the same. 
However, equal masses will everywhere 
counterpoise one another in a balance. 
Thus the unit of mass is that quantity 
of matter which will counterpoise in a 
balance a certain standard mass known 
as a standard pound or gramme. 


Both of these units are arbitrary 
standards. The British standard 
pound is a piece of platinum preserved 
in the same place as the standard yard. 
The metric standard is the kilogram 
(1000:grammes) made of platinum and 
preserved in Paris. The attempt was 
made to make the kilogram have the 
same weight as a cubic decimeter of 
water at its temperature of maximum 
density, that is, 3.9° Centigrade. Here, 
again, the development of more accu- 
rate facilities for measuring proved the 
original standard to vary very slightly 
from this exact relationship. For most 
practical purposes, however, the in- 
tended value may be taken as correct, 
as later measurements showed a cubic 
decimeter of water at 3.9° Centigrade 
to weigh 1.000013 grammes. 


(Continued on page 30) 












Short-Wave Radio Communication 


A timely article on some of the peculiarities encountered in the transmission and 
reception of the shorter wavelengths 


NTIL approximately two years 
ago it was generally thought 
that no practical use could be 
made of wavelengths less than about 
200 meters for reliable radio communi- 
cation over any appreciable distance. 

At this time’ communication over 
distances of 1000 miles at night by 
amateur stations was considered as the 
average limit, though on occasion dis- 
tances of 3000 miles were covered. 
Experimenters then began to use wave- 
lengths of the order of 100 meters, and 
found, much to their surprise, that 
better results were often obtained than 
were possible on wavelengths of 200 or 
more meters. The reliability of signals 
on wavelengths of about 100 meters 
was investigated by the Westinghouse 
Electric Company with a view to the 
use of such wavelengths for “re-broad- 
casting’ purposes. A development 
from this work was the establishment 
of a station at Hastings, Neb., for re- 
broadcasting radio programs transmit- 
ted from Pittsburgh. The programs are 
sent out from Pittsburgh on wave- 
lengths of approximately 100 and 330 
meters, the latter signals being audible 
on a broadcast receiver of usual design. 
The shorter wavelength is picked up 
by special receiving equipment at 
Hastings, the signals then being ampli- 
fied and made to control a local 
broadcasting transmitter operating on 
a wavelength of approximately 300 
meters. Listeners-in in the vicinity of 
Hastings may then receive the Pitts- 
burgh programs with equipment which 
normally would not give reliable recep- 
tion direct from Pittsburgh. 

The range covered by the 100-meter 
Pittsburgh transmitter was found to 
be much greater than was expected. 
In fact, reliable reception of the short- 
wave transmission was obtained in 
England with simple receiving equip- 
ment and an indoor antenna twenty 
feet long. Later work by the Westing- 
house Company has resulted in the 
transmission of programs from Pitts- 
burgh to England and South Africa, 
where they have been successfully re- 
broadcast. 

The success of transmissions on wave- 
lengths of the order of 100 meters 
rapidly led to investigations of wave- 
lengths still shorter. It was found that 
transmissions could be successfully car- 
ried out over very great distances, 
though certain very marked peculiari- 
ties made themselves evident. For 


example, it is found that on wave- 
lengths in the vicinity of about 50 
meters, the received signals are of 





By James K. Crapp, ’23 


Instructor, Electrical Engineering Department, Massachu- 
setts Institute of Technology 


approximately the same intensity by 
day as by night. On longer waves, 
those above 100 meters, the signals are 
generally appreciably stronger by night. 
here is some evidence that for wave- 
lengths of 20 meters or less, the signals 
may be louder by day than by night. 





SHOWING EFFECTIVE “HIGH 
ANGLE” RADIATION, LONG WAVES 
[50 METERS] 
06 = SURFACE OBSTRUCTION ANGLE 
F) = “CRITICAL ANGLE” 





EFFECTIVE RADIATION, VERY 
SHORT WAVES 
[is METERS] 


DIAGRAMS ILLUSTRATING 


THE 

“ANGLE EFFECTS” ENCOUN- 

TERED IN SHORT-WAVE RADIO 
COMMUNICATION 


Another peculiarity appears as the 
result of amateur activities — that the 
signal strength does not always increase 
with an increase of power at the trans- 
mitter, which is directly at variance 
with experience on the longer wave- 
lengths. It appears that for communi- 
cation between two points, there is an 
optimum transmitter power. 

One of the most interesting of the 
peculiarities encountered is that of the 
“skipped distance.” For wavelengths 
less than 50 or 60 meters, there is evi- 
dence to show that there is an area 
around the transmitting station in 
which no signals will be heard. For 
example, if we take a portable receiver 
and move out from the transmitter in 
any direction, signals will be heard over 
a distance of from 5 to 50 miles, 
roughly, depending upon the power of 
the transmitter, the wavelength, and 
the time of day. The signals will then 
decrease in intensity, fading out com- 
pletely as the distance is increased. 
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Upon further increase of the distance 
the signals will re-appear and will 
build up to great strength. The width 
of the annular area of silence around 
the transmitter is termed the “skipped 
distance,” and it depends upon the 
wavelength, the power of the trans- 
mitter, time of day, and weather con- 
ditions. If the power is sufficiently 
great, the silence zone is masked over 
and becomes simply a zone of poor re- 
ception. 

Assuming average conditions as re- 
gards time and weather, the “skipped 
distance” varies with the wavelength 
roughly as follows: 


Wavelength Distance 
60 Meters 0 Miles 
50 “ 100 ss 
40) 7 ee 
30 ” 400 “ 
20 * ana 
15 * mm 
13 ee." 


and stops here. 


This table brings up the interesting 
point that for wavelengths much 
shorter than 15 meters, transmission 
over great distances is not possible 
with average transmitting equipment. 
From investigations on the “skipped 
distance” it appears that the radia- 
tion from the transmitter which is 
effective in penetrating to the upper 
atmosphere, where it is bent back upon 
the earth, lies within a space around 
the transmitter defined between two 
inverted cones, having a common 
vertical axis, with their points in the 
ground at the transmitter. One of 
these makes an angle with the horizon- 
tal of about 5 or 10 degrees, and radia- 
tion along lines at less than this angle 
with the horizontal is quickly ab- 
sorbed by hills, trees, or buildings. 
Radiation at angles higher than about 
10 degrees is effective in eventually 
reaching the receiver via the bending 
action of the upper atmosphere, as long 
as a certain maximum angle is not ex- 
ceeded. This maximum angle varies 
with the wavelength employed, being 
greater for the long than for the short 
waves. At a wavelength of about 13 
meters, the maximum angle has de- 
creased to 5 or 10 degrees, or, in other 
words, the space between the two 
cones has become practically zero. 
No effective radiation results and the 
signals are cut off entirely except for 
short distances from the transmitter. 
Dr. A. H. Taylor, of the Naval Radio 
Research Laboratory, suggests that 

(Continued on page 34) 













Metal Plating with Gases 


A process of metal plating which will form an actual alloy of the coating and base at 
their juncture uses volatile salts of the two metals as gases 


NEW and attractive field is 

opened to metallurgy by the 

possibility of using gases for 
coating one metal with another. 

The subject of coating metals with 
metals is of immediate industrial im- 
portance, for often the qualities de- 
manded of a metallic object could not 
be supplied by making the object en- 
tirely of a single metal or alloy. If one 
metal, having the properties desired for 
the body of an object, be coated with 
another metal supplying the proper- 
ties required for the surface, there is a 
greater latitude of choice. Even if one 
metal combined in itself the desired 
qualities, the use of two might permit 
a cheaper or a better article. Iron, a 
cheap metal of good mechanical prop- 
erties, is coated with zinc to prevent 
rusting of the surface. 

Previously Existing Processes 

There have been developed in the 
past various methods for coating one 
metal with another. This is sometimes 
accomplished by simply melting the 
one metal and dipping the other in it 
(galvanizing, tinning). The electroly- 
tic process permits the deposition of 
some metals as a coating on others 
(nickel plating). In some cases the 
metal object is placed in intimate con- 
tact with a powder of the metal to form 
the coating and the whole is heated in 
a container. The coating metal dif- 
fuses into the surface of the article 
(sherardization, calorization, chromiza- 
tion). Molten metal sprayed onto an 
object may stick and form a coating 
(Schoop Process). 


The Martin Process 


Up until recently, however, no one 
has thought of employing a chemical 
reaction between the metal to be coated 
and a volatile salt of the metal to form 
the coating. Such a process permits 
one to place an iron object, for instance, 
in the heated vapors of an aluminum 
salt and take out a brilliant, silvery 
object coated with aluminum which 
has been deposited upon, and diffused 
into, the iron of the surface. 

In the laboratories of the Ecole 
supérieure de Ja métallurgie et de 
l'industrie des mines, Nancy, France, 
in 1923-24, the writer conducted an 
investigation of certain phases of the 
subject of coating metals with metals. 
It was in the course of sonie experi- 
ments on coating iron with aluminum 
by the process known as calorization 
that he made, independently, the dis- 
covery which led to the development 
of the new process. Details of this dis- 


By E. D. Martin, ’22 


Metallurgical Engineer, Thomas A. Edison Industries, Inc. 


covery and of the research which fol- 
lowed have been published elsewhere. 

The Martin Process for coating 
metals with metals involves three dis- 
tinct phases: 





Figure |. This shows the comparative 
resistance of treated (above) and untreate x 
(below) iron against oxidation at high tem- 
peratures. The porcelain boots were heated 
in contact with a current of air: that on the 


left, for 30 minnvtes at 755°C.;that on the right, 
for 7 hours at 930° C. + 


(1) Continued deposition of the coat- 
ing metal on the metallic object to be 
coated by means of a chemical reaction 
between the metal of the object and a 
volatilized salt of the coating metal;— 
which necessitates constant removal of 
the gaseous products of the ¢hemical 
reaction and continued replenishment 
of the volatilized salt of the coating 
metal; 

(2) Regeneration or recuperation of 
the gaseous products of the chemical 
reaction so that they are fit for re-use 
in the process — thus forming a closed 
cycle for the gases; 

(3) Diftaion of the deposited metal 
into the metal of the object being 
coated. 


Deposition of the Coating Metal 


The coating of iron with aluminum 
presents many industrial points of 
interest, so let us take this as our 
example in explaining the details of 
the process. The chemical reaction 
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which takes place may be represented 
as follows: 


3 Fe + 2A1CI 3 FeCl, + 2Al 
solid gas gas solid 
If metallic iron is placed in an inert or 
reducing atmosphere containing alu- 
minum chloride gas at a temperature 
of 800-1100° C., metallic aluminum is 
deposited and i iron chlorides are formed. 
Aluminum replaces the iron atom by 
atom. Thus we have a method of coat- 
ing a metallic object which conserves 
the minutest details of the object’s 
surface. Only the composition is 
changed, not the form. In nature re- 
placement reactions are well known: 
petrified wood results from one type of 

such reactions. 

In order that the deposition of 
aluminum may continue, it is abso- 
lutely essential that we provide for the 
removal of the iron chlorides and the 
arrival of fresh aluminum chloride. 
Were we to prepare a vessel containing 
an inert or reducing gas and some 
aluminum chloride vapor maintained 
under atmospheric pressure at 900° C., 
and then were we todrop into this vessel 
an iron object also at 900° C., the above 
chemical reaction would take place 
until a stateof equilibrium was reached; 
then deposition of aluminum would 
cease. Circulation of the gases also 
speeds the reaction. 


Regeneration of the Gases 


For an industrial process, it would 
be desirable to recuperate or regenerate 
the used gases and return them to the 
iron object in a closed circuit so that 
the deposition of aluminum might 
be continuous and so that materials 
might be conserved. 

The writer has found that the chemi- 
cal reaction represented by the above 
equation is reversible: at low tempera- 
tures, iron is deposited on aluminum; 
while at high temperatures, aluminum 
is deposited on iron. 

This furnishes us with a neat method 
of regenerating the gases. All that is 
required is to pass the used gases over 
aluminum at a lower temperature: the 
chlorine combined with the iron will 
forsake it and unite with aluminum. 
Iron is now deposited on aluminum, 
while aluminum chloride goes on in the 
circuit to be used at a higher tempera- 
ture for depositing aluminum on the 
iron objects. The chlorine thus simply 
plays the réle of carrying agent for 
transporting the aluminum to the iron 
and the iron to the aluminum. The 
energy is supplied in the form of heat. 
The motive power for circulating the 
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gases is found in the temperature dif- 
ference between the two chambers in 
which the differing reactions are car- 
ried out. 

An interesting feature is that alumi- 
num scrap may be used as the source 
of aluminum. Even previously coated 
iron articles might have their coatings 
eaten off since, at this low temperature, 
the chlorine prefers to be united to 
aluminum. Thus the reversed process 
might be used for coating aluminum 
with iron. 5 

Diffusion of the Metals 

In the example we have chosen, 
aluminum replaces the iron on the 
surface of the object. A necessary con- 
dition for the deposition of aluminum 
is that there be some iron available to 
the gases. If the surface of the object 
were to become completely covered 
with pure aluminum, the chemical re- 
action could not go on. But the reac- 
tion actually goes on continuously so 
long as the conditions of removing the 
gaseous products and of supplying 
fresh aluminum chloride are observed. 
Why? There is one reason we are 
certain about and another that is a 
possibility. We know definitely that 
one metal diffuses into the other at the 
temperatures employed, thus permit- 
ting the deposited aluminum to diffuse 
into the iron so that iron is continu- 
ously coming to the surface of the ob- 
ject. There is a possibility that the 
metals may be porous to the gases, so 
that the aluminum-iron alloy layer 
permits passage of the gases to a work- 
ing face beneath it. We know that 
metals are porous to various gases in 
different degrees: hydrogen and carbon 
monoxide gas diffuse through red-hot 
iron. 

For the sake of concreteness, the 
example of coating iron with aluminum 
has been used in explaining the process, 





Figure 2. Microphotograph showing a sec- 
tion of a piece of very mild steel which has 
been coated with aluminum-iron alloy by the 
new process (treated for one hour at 980° €.). 
The band of alloy is shown in the middle; 
below are grains of unchanged iron (ferrite). 


but the method is of general applica- 
tion. The general process may be 
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stated as follows: let X and Y be any 
two metals and let c be a negative 
radical such that the salts Xc and Yc 
are volatile at temperatures within 


reach. The following chemical equa- 
tion may be written: 
X + Ye Xe + Y 
metal gas gas metal 


The reaction indicated by the equation, 
at any given temperature may be com- 
plete to the right, complete to the left, 
or it may be incomplete in either direc- 
tion. In any case we may employ the 
reaction for coating one of the metals 
on the other: either X on-Y, or Y on X. 
If, within a practicably attainable 
temperature range, the reaction is re- 
versible, we may regenerate the gases 
in the simple manner explained in the 
case of iron and aluminum. If it is not 
reversible, the volatile salt of the coat- 
ing metal may be recuperated by chem- 
ical or physical means (for instance, 
cooling the gases so that the least vola- 
tile salt will be precipitated) and the 
volatile salt of the metal being coated 
may be treated to recover the negative 
radical either in the form of an acid or 
of another salt that will react with the 
metal being deposited, thus making 
the negative radical follow a closed 
cycle as before. In the majority of 
cases, however, the great temperature 
range available in handling a chemical 
reaction between gases permits the use 
of the reversible feature for regenera- 
tion. For a negative radical one is not 
confined to chlorine: salts of the other 
halogens, carbonyls, cyanides, et cetera, 
are usually volatile within practicable 
temperatures. 

The general nature of the process is 
illustrated by the fact that the writer 
has treated copper with aluminum 
chloride in an exactly similar process to 
that employed for coating iron with 
aluminum, including the use of the re- 
versible feature for regenerating the 
gases. The temperatures necessary are 
slightly lower. The copper object be- 
comes coated with aluminum bronze, 
an alloy of copper and aluminum of 
well recognized industrial value. The 
coated objects have the appearance of 
gold. A smooth surface may be pol- 
ished to great brilliancy. Copper has 
also been coated on iron by the same 
process. 


The Work of Others 


Mr. Henry C. P. Weber, apparently, 
also had the idea of using a chemical 
reaction between a metal and a volatile 
salt of another metal to secure a metal- 
lic coating. Mr. Weber’s ideas, as con- 
tained in his U. S. Patent No. 1,497,- 
417, issued June 10, 1924, call for a 
single vessel containing both the metal 
and the salt, volatilized with heat, and 
involves no circulation of the gases or 
their regeneration or recuperation in 
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any manner. As shown above, removal 
of the products of the reaction and a 
supply of fresh gases are essential fea- 
tures of a process aiming to give other 
than just a flash coating. In Mr. 
Weber’s single vessel, a state of equilib- 
rium among the gases, for any definite 





Microphotograph showing the 
section of a piece of copper coated with 
aluminum bronze by the new process. The 
layer of aluminum bronze (solid solutions of 
alpha and beta) has resisted oxidation to a 
far greater extent than the copper below, 
which shows large scabs of black oxide. 


Figure 3. 


temperature, must be reached, halting 
further deposition of the coating metal. 
This, Mr. Weber admits in his patent: 
“The heating should be continued for a 
number of hours, although, after a 
certain length of time, the thickness of 
the coating cannot be further appre- 
ciably increased in a reasonable period 
of time without increasing the tem- 
perature.” Changing the temperature 
naturally changes the equilibrium con- 
ditions and might permit a further 
limited deposition of the coating metal. 
But circulation of the gases is essential 
if the coating process is to go on con- 
tinuously. It was not known to the 
writer until his return to the United 
States (in November, 1924) that any- 
one else had even thought of using 
volatile salts of metals to deposit them 
on other metals by means of a chemical 
reaction. 

In an analogous field, Professor 
Zelinsky, of the University of Moscow, 
has accidentally discovered a fact of 
enthralling interest. In the course of 
work on the chemical constitution of 
organisms, he had occasion to submit 
entire bees to an analysis for nitrogen 
by the method of Dumas. The bees, 
placed in a platinum boat, were cov- 
ered with a layer of finely ground cop- 
per oxide. The whole was then intro- 
duced in a combustion tube and heated 
in an atmosphere of CO;. After cooling 
in the carbon dioxide, the boat was 
carefully removed. In the words of 
Professor Zelinsky (translated from 


the French): 
(Continued on page 38) 


























































Airplane Propeller Interference Study 





The first wind tunnel tests are being made to reveal the nature of the mutual airstream 
interference between the airplane propeller and fuselage 


N the early days of Aeronautics 

there was no way of testing an air- 

plane until it was completed. It 
was merely designed, built, and flown, 
with no assurance of its success or per- 
formance until its first flights were 
made. Usually it was found to be more 
or less out of balance, requiring certain 
changes which were incorporated in 
the next machine of its type to be 
built, until, by a process of trial and 
error, a fairly reliable and satisfactory 
plane was evolved. 

Gradually, however, a method of 
testing was devised analogous to the 
towing basin used by Naval Architects, 
so that a model of the plane could be 
tested in a current of air, before the 
large machine was built, just as ship 
models are tested by pulling them 
through water. The first of these air 
blasts or “wind tunnels” was built in 
1885, and several more were built and 
used before the first man-carrying flight 
of the Wrights was accomplished. The 
first tests were largely on wing curves 
and air flow alone, without thought of 
the completed model; but from 1910 on, 
the tests of contemplated designs on a 
scale model came to be more common, 
until now nearly every service machine 
that is designed is carefully tested and 
all its performance characteristics as- 
certained before the actual plane is 
built. 


By S. Oper, 716 


Research Associate[{in Aeronautics, Massachusetts Institute 
of Technology 


The most common form of wind tun- 
nel at present consists of a tube of 
Venturi shape some sixty feet long and 
from four to eight feet in diameter at 
the throat. Air is sucked through this 
by a propeller, and blows over the 
model, which is suspended in the 
throat from a balance which is capable 
of measuring the forces acting on the 
model due to the wind stream. From 
the measure of these forces at various 
angles of model setting, the lift of the 
large machine and the resistance to its 
passage through the air can be calcu- 
lated as well as its stability. 

All the tests up until now have been 
made with propellerless models, the 
application of the propeller effect being 
made later by the use of an empirical 
formula. It is obvious, however, that, 
like all screw propellers, an airplane 
propeller develops a “backwash”’ or 
“slipstream” which blows past the 
plane faster than the undisturbed air. 
This area of increased velocity will 
therefore give the plane an increased 
resistance greater than the model 
would reveal when tested without the 
propeller. It is obvious, too, that since 
the propeller whirls only a few feet in 
front of the structure of the plane, the 





FRONT VIEW OF MODEL IN WIND TUNNEL 
The wings of the inverted model are “clipped,” only those parts affected by the propeller slip- 
stream being necessary for the tests. 





12 


latter will set up an interference which 
will have the effect of piling up air 
ahead of it, and creating areas of de- 
creased velocity or dead spaces that 
will extend into the disc in which the 
propeller operates, thereby reducing 
its efficiency. The subject of this mu- 
tual interference of an airplane pro- 
peller and the airplane, and the effect 
of the slipstream on the controls, is one 
that has been too little investigated. 
Some work has been done relative to 
the interference of the airplane fuselage 
on the propeller, and a slight amount 
has been accomplished in studying the 
effect of the slipstream on the fuselage 
and that part of the wings over which 
it sweeps; but in all these experiments, 
the propeller axis has been set at zero 
angle of attack, allowing tests to be 
made only at an altitude corresponding 
to level flight. 


The conventional method of testing 
airplane models in a wind tunnel is to 
measure the forces acting on the model 
without the propeller, allowance being 
made afterward for the effect of the 
propeller largely based on experience. 
There has been designed and installed, 
in the seven and one-half foot tunnel’ 
at the Massachusetts Institute of Tech- 
nology, apparatus which will measure 
all the ~propeller’ characteristics, and 
the complete effect on the airplane at 
various angles of attack simultaneously. 
This apparatus consists of two inde- 
pendent parts, one for the propeller, 
and the second for the model. 

The propeller dynamometer meas- 
ures the torque reaction, the thrust, 
and the revolutions per minute of the 
propeller. Power is supplied by a 
vertical, variable speed, d.c. motor of 
15 horse-power, located above the tun- 
nel. The motor shaft projects down 
into the tunnel and drives the horizon- 
tal propeller shaft through spiral bevel 
gears with an idler gear. The propeller 
shaft turns at three times motor speed. 
The gear and shaft are supported by a 
streamline trumpet enclosing the motor 
shaft. The propeller shaft is enclosed 
in a case free to rotate ina vertical plane 
about the axis of the bevel gears, the 
idler gear making this rotation pos- 
sible. The forward end, toward the 
propeller, of this case is supported by 
an incidence link extending up to an 
incidence control quadrant mounted 
on the motor frame. A worm gear on 
this quadrant makes it possible to set 
the propeller shaft at any angle of 
attack to the wind from —10° to +25°. 


‘For description, see Vol. IV, No. 2, Tue 
Tecu ENGINEERING News. 
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Revolutions per minute of the motor 
shaft are measured by an electric ta- 
chometer. 

The propeller shaft is made in three 
pieces. The aft portion, driven by the 
motor shaft, carries a cage within 
which is a flat coil spring, similar to a 
clock spring, but some three inches 
wide. The central portion is fastened 
to the inner end of the spring. The pro- 
peller torque winds up the spring so 
there is a large angular deflection be- 
tween the aft .and central portion. 
The forward section of the shaft is 
driven by the central portion through 


a ball clutch which can transmit no 
thrust. It is free to slide fore and aft a 
slight amount. On this forward sec- 
tion is a thrust collar; two ball-bearing 
rollers carried by a bell crank bear on 
the collar. The thrust is taken by the 
bell crank through a thrust wire up to 
the thrust beam which is carried on 
the incidence control quadrant (to al- 
low the thrust beam to move up and 
down as the angle of attack is changed). 
The thrust beam is an ordinary bal- 
ance beam. The angular deflection be- 
tween the central and aft sections is 
measured electrically. Each section 
carries a two-segment commutator 
with one segment grounded. With no 
torque the segments are opposite, so 
there is no circuit. At 180° deflection, 
the circuit is complete half the time. 
The average current caused to flow 
by a constant impressed voltage is pro- 
portional to the arc during which the 
circuit is complete. This circuit is 
measured by an ammeter, the damping 
being sufficient to give a steady reading 
at propeller revolutions above 1000. 
The complete torque meter is cali- 
brated by means of a standard club, 
a small stick of wood similar to the pro- 
peller to be used but without pitch or 
curve, which has previously been 
whirled on a standard dynamometer 
to determine its torque at various 
measured speeds. 

The second part of the apparatus 
consists of the model support and aero- 
dynamical balance. The fuselage of 
the model must be large enough to en- 
close the propeller shaft casing. The 
scale of the model of an observation 
plane, DH-4, for example, is 14. The 
model is made quite complete as to de- 
tail with all wires and turnbuckles. 
The size makes it necessary to omit the 
outer portion of the wings, but they 
extend well beyond the propeller disc, 
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SIDE VIEW OF MODEL IN WIND TUNNEL 
The model is suspended upside down by wires, transmitting their tension to scales and recording 
instruments. The propeller and its driving gear do not touch the mode}, but are free to move sepa- 
rately, making an independent set of records. 


and out of the slipstream. Rudder, 
elevators, and stabilizer are adjustable. 

The aerodynamical balance consists 
of a wire suspension, which holds the 
model in proper relation to the pro- 
peller. There are two wires to the 
wings, one to the tail. The sum of 
these three gives lift. The tail wire 
alone gives the pitching moment and 
controls the angle of attack. Two 
wires leading forward from the model 
a short distance and then terminating 
in perpendicular wires and 45 degree 
wires anchored to the bottom of the 
tunnel measure the drag, the pull on the 
perpendicular wire being equal to the 
backward pull on the wires connected 
directly with the model. Two wires, 
by 45° wires, measure the drag. One 
wire, also by a 45° wire, gives the cross- 
wind force. The difference between the 
two drags gives the yawing moment, 
the difference between the tensions in 
the wing wires the rolling moment. 
All wires are located clear of the pro- 
peller disc. Each of the six wires leads 
to a balance. These are simple beams, 
except that the operation is automatic. 
A weight of suitable size is driven along 
the beam by a worm and small motor. 
This motor, whose field is in two sec- 
tions, is reversed by exciting either 
field through two contacts controlled 


by the motion of the beam. The loca- 
tion of the weight ts given by Veeder 
counters, and the tension in the wires 
calculated from the geometry of the 
beam, the pitch of the work, and the 
size of the weight. 

In operation at a given air speed, 
angle of attack, control surface posi- 
tion, and revolutions, simultaneous ob- 
servations are made of thrust, torque, 
and each of six wire tensions. The in- 
terferences are found on the model by 
testing it with and without the pro- 
peller; on the propeller by comparing 
the characteristics with the model in 
place with those with no model. The 
effect of the slipstream on the control 
moments is also found by measuring 
for example the yawing moment due 
to 10° rudder angle with and without 
the propeller. 

With this device, and the remarkable 
ease of changing the set-up, it is ex- 
pected that a complete imvestigation 
will reveal the nature of many of the 
sudden changes of pressure on. the con- 
trol surfaces at the tail as they are 
moved slightly. More economical and 
effective tail forms, and more accu- 
rate formule for the interference fac- 
tors in estimating propeller efficiency 
and fuselage resistance, will be the 
direct outcome of the experiments. 
















Modern Concrete Construction 





Recent developments in types of designs, materials, and construction methods using 
this important building material 


HE use of cementitious materials 

for binding stones together is 

older than written records. The 
ancient Romans used a mortar that set 
under water. Concrete as we know it 
today, however, is of more recent 
origin, in fact, the one-hundredth an- 
niversary of the invention by Joseph 
Aspdin, of Leeds, England, of the 
process of manufacture of “Portland 
Cement’ — so called because of its 
fancied resemblance to a famous build- 


ing-stone quarried at Portland, Eng- 
land — was celebrated last year. The 
introduction of reinforcement came 


much later, although a so-called com- 
bination beam using iron was tested 
as early as 1855. 

The flower-pot of Jean ahiuie of 
France, in 1876, was rapidly followed 
by various mesh-work systems, but not 
until nearly the beginning of the pres- 
ent century was the theory of rein- 
forced concrete understood. In 1905 
the first work on reinforced concrete, 
definitely establishing the modern the- 
ory, was issued. Concrete reinforced 
by steel bars now is used universally 
in’ structures of all magnitudes and 
purposes. Concrete office buildings as 
high as twenty stories, factories, ware- 
houses, bridges, docks, stadiums, sew- 
ers, reservoirs, water-towers, roads, 
dams, and ornamental lamp-posts show 


TuHompson, S. B., ’88 
and 
Mixes N. Crarr, S. M., ’23 


By Sanrorp E. 


fact that there are over one hundred 
and fifty million barrels of cement 
made per year in this country alone. 
This represents a money value ap- 
proaching a half billion dollars. 

Recent developments and compre- 
hensive tests have given to the engi- 
neer a confidence in concrete that was 
previously lacking and is reflected in 
its application to more complex forms 
of construction. These advances in 
concrete construction may be classified 
as 


(1) Developments in type and gen- 
uy design. 
) Development of materials. 
Development of construction 
methods. 
(4) Development of architectural 
treatment. 


Development of Types and Design 


The earlier reinforced concrete struc- 
tures were of the beam and slab type, 
shaped like the steel and timber con- 
struction with which engineers previ- 
ously had to deal. Later, as the true 
monolithic characters of the material 
became recognized, the flat slab came 





INTERIOR OF AN OFFICE BUILDING OF FLAT SLAB TYPE 


the wide application of this adaptable 
material. 

The magnitude of the construction 
in concrete can be realized from the 





into use, so that today over 80 per cent 
of the concrete building construction 
has floors of this type. The flat slab 
system not only utilizes the monolithic 
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qualities of reinforced concrete, but, 
by eliminating beams, gives flat ceil- 
ings with a corresponding improve- 
ment of lighting, saving in floor height 
and a lower cost for forms and material. 

For factories and warehouses, the 
flat slab construction with columns of 
concrete, reinforced with spirals and 
vertical steel, is nearly universal. Ex- 
terior walls, which are scarcely more 
than lintel beams supporting the win- 
dows, are usually also made of concrete. 

The steel frame construction en- 
cased in concrete, with concrete floor 
slabs and partition walls of concrete 
or tile, is used largely for tall office 
buildings. This permits small columns 
and less loss of floor area. Exterior 
walls in this type of construction are of 
brick, stone, or concrete, as desired for 
architectural effect. The popularity of 
concrete for buildings is due to its fire 
resistance, moderate cost, and the 
rapidity of construction. In sections 
subjected to earthquake disturbances, 
reinforced concrete structures have 
proved most resistant. 

Concrete brick and concrete block, 
after much opposition from the clay 
product adherents, have become estab- 
lished as materials for the walls of 
small structures and for use in parti- 
tions. Recently precast units have 
been employed for such structures as 
box culverts, gutters, and curbs, elec- 
tric light standards, columns, floor and 
roof slabs, stairs and trusses. The cast- 
ing of these units is done at a central 
plant where proper facilities and tech- 
nical control insure good quality and 
give a saving in cost of forms. Time 
of construction is reduced with in- 
creased safety in winter work. On the 
other hand, larger volumes of material 
are required because only in a mono- 
lithic structure can full advantage be 
taken of continuous slab or frame 
action and the corresponding reduction 
in section of the concrete. Large struc- 
tures have been constructed using 
the precast system—for example, the 
Western Pacific Railroad terminal. 

The tendency in concrete roads is 
toward less reinforcement and the 
breaking up of the slab into smaller 
sections, so as to control the cracks. 
A longitudinal joint in the center of 
the road is most common. Recently a 
hexagonal ‘slab system, which shows 
good structural action, was described 
by L. A. Penzin. 

In bridge construction, the arch of 
the continuous type is being applied to 
larger and larger spans. The designer 
of dams evinces an increased interest 
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in the reinforced arch types and cellu- 
lar construction. 


Developments in Materials 


The developments in the use of 
materials for concrete construction 
have not been so much in new materials 
as in improvements and winter usage. 
The materials employed to make con- 
crete are cement, aggregates, and water. 
Another constituent, as an “admix- 
ture,” may be added to give certain 
qualities. : 

Cement 


Consider first the cement. Specifi- 
cations have been formulated so defi- 
nitely and manufacturing so organized 
that the product from a given mill is 
remarkably uniform. It is the excep- 
tion to have a cement fail to pass the 
specifications. However, there is still 
a marked difterence between brands 
due to differences in manufacture and 
raw material, and it is likely that future 
specifications will divide cements into 
several classes and in this way reward 
the better products. 

The Portland Cement industry has 
improved its product by finer grinding 
and more care in burning, with no 
appreciable change from the 20 per 
cent silica, 60 per cent lime, and 5 per 
cent Alumina average composition. 
Very recently Alumina cements have 
been introduced which have an average 
composition of 10 per cent ‘silica, 40 
per cent lime, and 40 per cent Alumina, 
and the remarkable property of attain- 
ing a strength in compression at 24 
hours superior to the usual Portland 
cements at 28 days. The cost, however, 
is about three times that of the ordi- 
nary Portland cement, due, partly, to 
the cost of the basic material used, i. e., 
bauxite. The manufacture differs from 
that of Portland cement in that while 
Portland cement clinkers are brought 
to the point of incipient fusion, the 
Alumina cement clinkers are com- 
pletely fused, giving a uniform product 
and permitting fine grinding. The 
color of this cement is dark brown in 
contrast to the light gray of Portland 
cement. This important cement was 
first developed in Europe, and the 
principal brands used there are Alce- 
ment and Cement Fondo, and in this 
country Lumnite. 

These Alumina cements do not set 
faster than Portland cements, but after 
they have reached their final set and 
hardening starts, it proceeds very 
rapidly, and the action involves more 
heat than the corresponding Portland 
cement reaction during the same time. 

The introduction of Alumina ce- 
ments has caused the manufacturers of 
Portland cement to look again at their 
product to see if further improvements 
can be made without changing the 
basic composition. This has not been 
given much attention as yet in the 








United States, but in Europe a number 
‘rapid hardening” Port- 
land cements have appeared. The two 


of so-called ‘ 
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mixed will give a workable concrete. 
The grading may vary between wide 
limits as long as this criterion is satis- 





EXAMPLE OF MODERN ARCHITECTURAL TREATMENT OF 
CONCRETE FACTORY qBUILDING 


basic brands are the Ferrocrete in 
England and a Hennebigue Company 
product in France which gives a 
strength in 48 hours equal to the usual 
Portland cement in 28 days. This 
special quality is obtained, chiefly, by 
particular care in selection of raw 
material and increase in the length of 
time of burning. 

Despite the higher cost of these 
various Alumina and rapid-hardening 
cements, they sometimes show savings 
in cost due to the saving in time of con- 
struction and the higher strength ob- 
tained. They allow a saving in the 
time of protection in winter construc- 
tion, and are particularly adaptable to 
repair work on roads and streets, en- 
gine foundations, and, in fact, to any 
construction where time is the big fac- 
tor. The Alumina cement has a special 
use in testing the quality of aggregates. 


Aggregates 


Aggregates remain today practically 
the same as those always available, 
but knowledge of the true principles 
governing the composition ul Giaatete 
has extended their use. In general, it 
is appreciated now that any material 
may be used as aggregate as long as 
it is clean, hard, and durable, and when 


fied. The original selection of materials 
is made not only on the basis of physi- 
cal and chemical properties, but as the 
result of actual concrete tests. Cylin- 
ders of concrete, using the materials 
selected, are made up and crushed to 
determine the actual strength. On the 
basis of these tests, mainly, but modi- 
fied by the physical and chemical tests, 
is made the decision as to the value of 
the material. 

Where available, some use has been 
made of materials such as slag, cullet, 
and volcanic rock. These aggregates 
give a harsh working mix, and care 
must be taken to see that there are no 
appreciable quantities of objectionable 
material such as phosphorus and sul- 
phur present. 

The deleterious effect of organic 
matter present in the aggregates, and 
particularly in the fine aggregate of 
sand, has long been recognized and is 
so appreciated today that the use of 
the simple colormetric test by the en- 
gineer in the field is not unusual. The 
laboratory tests still give prominence 
to the briquet test to determine the 
mortar-forming qualities of the ma- 
terial. 


(Continued on page 32) 






The Baker River Power Development 


This is one of the most beautiful hydroelectric plants ever built. 


Also it is extremely 


interesting because of the excellence of its layout and construction 


HE Baker River is one of the 

most important branches of the 

Skagit River System, all of which 
is situated in the northern part of the 
State of Washington and southern 
British Columbia. 

The Baker River has a drainage area 
of 270 square miles, of which approxi- 
mately one-eighth is above elevation 
5000, U. S. G. S. Datum. It rises on 
the southern slope of a spur of the Cas- 
cade Mountains between Mt. Baker 
and Mt. Shuksan, the former being an 
extinct volcano rising to a height of 
10,750 feet, and the latter to a height 
of 9038 feet, both covered with per- 
petual snow. There are also a number 
of glaciers which aid in holding back 
the snow which falls in the winter 
months. Mt. Shuksan, though covered 
with perpetual snow, does not have as 
many glaciers nor as extensive snow 
fields as does Mt. Baker, but both 
mountains contribute to the summer 
run-off of the Baker River watershed 
through the melting of their snow and 
ice. Very little snow falls on the lower 
reaches of the river, but in the sheltered 
portion of the river basin snow is found 
throughout the winter months down to 
an elevation of 500 feet above sea level. 
It occasionally snows, however, over 
the entire basin, though snow falling 
below elevation 500 does not, as a rule, 
stay on the ground any great length of 
time. 

The valley of the river is only some 
twenty miles in length and an average 
of one-half mile in width, there being 
high mountain ranges on both the east 
and west sides. At the upper end of the 
valley the terrain rises rapidly to the 
summits of the surrounding mountains, 
the whole country abounding in water 
courses which have their origin either 
from springs or from the melting snow 
and ice. The topography is distinctly 
mountainous, the lower portions of the 
watershed being covered with huge 
gravel and clay deposits. The upper 
reaches are largely of volcanic origin, 
there being a large number of lava 
flows showing above the strata of lime- 
stone and other country rock. 

The Baker River has, therefore, 
eroded its channel all the way from 
the summit of the mountain range to 
the river’s confluence with the Skagit, 
and in a number of places along its 
length has cut deep gorges through the 
strata of solid rock. In one of these 
canyons is located the Baker River 
Development. 


Rainfall 
The rainfall of the Baker River 


watershed is typical of a number of 
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areas in the Puget Sound Basin. In the 
lower reaches of the river the precipi- 
tation is very largely in the form of 
rain, while in the upper reaches of the 
Basin it is almost entirely snow during 
the winter period. The precipitation 
in the upper portion of the watershed 
is probably as high as 200 inches a year, 
though no actual data, other than the 
river run-off, are available. 


Run-off 

Owing to the rocky character of the 
Baker River watershed, the run-off is 
proportionately high as compared with 
the rainfall. The average run-off for 
the upper portion of the watershed be- 
tween 1911 and 1924 is 11.15 second 
feet per square mile. At times of heavy 
rainfall there often occurs a warm 
southeastern wind, known locally as a 
Chinook, which melts the new fallen 
snow on the mountains and, together 
with the heavy rainfall on the lower 
reaches, tends to bring a heavy run-off 
on the river, and floods result. At such 
times the run-off at the power site is 
as high as 27,000 second feet, this figure 
being estimated for December 29, 1917. 

The flood condition sometimes lasts 
for three or four days. During some 
winters there may be as many as two 
or three of these floods, but as a rule 
there is not more than one such con- 
dition during a season. There may, 
however, be some minor floods due to 
heavy precipitation alone. 

Storage 

The Baker River dam is constructed 
directly across the main channel of the 
Baker River and, therefore, has its 
storage basin directly in the stream bed 
itself. A total of 70,000 acre feet will 
be stored in the reservoir, all of which 
will be available for power. From 
October through to the end of July, it 
will be rare, indeed, that water will not 
be going over the spillway of the dam. 
There may occasionally be a period in 
midwinter when a spell of cold weather 
may hold back the stream so that it 
might drop to 1500 or 2000 second feet, 
and at rare intervals it has been known 
to drop for a few days to 600 second 
feet. As a rule, however, such periods 
last but a short time, and any inter- 
mittent floods will more than keep the 
reservoir full except under conditions 
noted. The months of August and Sep- 
tember, therefore, will require water 
to be taken from storage, and during 
these months the reserve supply will be 
drawn upon. 
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In an average year, during these two 
months, the run-off at the power site 
will be 1200 second feet. From storage 
may be taken 1100 acre feet per day 
for a period of 60 days or a daily draw- 
down of 550 second feet, making a total 
of 1750 second feet continuously avail- 
able for power. On a 50 per cent load 
factor, which is probable during August 
and September, 3500 second feet may 
be drawn off for power purposes. 
Early Fall rains often come in Septem- 
ber, so it is doubtful if storage is neces- 
sary for an average of more than six or 
seven weeks. 

Main Dam 

The dam is of the semi-gravity arch 
type, built of mass concrete, with spill- 
way through control gates over the 
crest of the dam. The upstream face 
of the dam is laid out on a radius of 250 
feet, and the entire cross section of the 
dam is likewise swung on the same 
center. 

The dam is approximately 150 feet 
across at the river level, and the length 
of the crest is approximately 400 feet. 
The crest of the dam is divided into 
spillway sections 10 feet in width in the 
clear. These sections will be separated 
by piers 18 inches in width and 29 feet 
high, which will be slotted and fitted 
with 10 feet by 12 feet gates, raised and 
lowered by a mechanical device which 
travels on the top of the piers. The 
gates can be kept open during the flood 
periods of the river and so operated 
during the low-water period that the 
water in the reservoir will be conserved. 
The total height of the dam will be 263 
feet from bed rock to the top of gate 
piers, or 234 feet to the spillway crest. 

The lower portion of the dam is con- 
structed on a vertical curve of 106-foot 
radius, which curve is tangent to the 
apron. The total width of the cross 
section of the dam at the point of maxi- 
mum depth, including the apron, is 
180 feet. 

The dam is located at the upper end 
of the Baker River canyon, which is a 
gorge of nearly vertical sides, and over 
300 feet deep. The ridge through 
which the river has been cutting its 
way for ages is of limestone formation 
with occasional strata of shale. The 
bed of the stream is of solid limestone, 
cut up more or less with pot holes and 
ridges, the harder strata of limestone 
resisting the erosion, of course, more 
than the softer rock; this effect result- 
ing in a roughened condition of the 
stream bed, which makes an excellent 
bond with the masonry of the dam. 

Bed rock was found over the entire 
bottom of the dam at an average of 35 
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THE BAKER RIVER DEVELOPMENT 


The Power House in the foreground will ultimately be extended to house two additional units, giving a total capacity 
! of 96,000 horse-power. 





ta THE PRESSURE TUNNEL 
2 The tunnel has a capacity of 4000 cubic feet of water per second and is twenty-two feet in diameter. It is large 
enough to supply an ultimate development of 96,000 horse-power. 
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feet below the bed of the river. Before 
excavation for the dam could proceed, 
it was necessary to drive a diversion 
tunnel 17 feet by 24 feet in cross sec- 
tion from a point some 200 feet above 
the upstream face of the dam to a 
point 300 feet below the downstream 
face. The intake for the diversion tun- 
nel was driven well below the bed of 
the stream, so that when the final shot 
was made in the rock wall separating 
the tunnel from the river bed, over 
two-thirds of the stream flow was 
diverted. 

As soon as the diversion tunnel was 
placed in use, the work of constructing 
the upstream coffer dam was begun. 
This structure was built of 10 by 10 
timbers laced together longitudinally 
and transversely to the stream. The 
crib work was divided into two por- 
tions. A double crib on the down- 
stream side, and single crib on the up- 
stream side were filled with rock. The 
space in between these two sections 
was puddled with clay, the puddle 
chamber being first lined with 2-inch 
planking. This whole arrangement 
made a very tight dam that success- 
fully withstood several floods, and 
made possible the pouring of concrete 
in the upstream portion of the dam. 

The downstream crib was never any 
more than a simple structure. At first, 
a triple crib was constructed, the two 
outside ones being filled with rock, and 
the inside one with a clay puddle. 
During the latter stages of construc- 
tion, a sack dam was all that was re- 
quired to keep the backwater of the 
river from encroaching on the excava- 
tion. 

Three temporary openings 12 feet 
by 20 feet were left in the dam to take 
care of the river flow after the diver- 
sion tunnel is closed. The closing of 
these openings will start the filling of 
the reservoir. 


Tunnel Intake 


The intake to the pressure tunnel is 
located on the east side of the canyon 
and adjacent to the upstream face of 
the main dam. 

The gates controlling the inflow of 
water are protected by a bank of rack 
bars 50 feet in width extending from 
the sill of the gates at elevation 330 to 
the floor of the gate house. There are 
two gates in number, each 12 feet in 
width by 20 feet in height, made of 
plate steel faced with brass liners. 

The gates are raised and lowered by 
means of hydraulic cylinders operated 
by oil pressure supplied at 1500 pounds 
per square inch through a high-pres- 
sure pump. One of the gates is so de- 
signed that it may be opened or closed 
under an unbalanced pressure; the 
other gate will be opened and closed 
only when the water pressure is bal- 
anced. Stop logs are provided in front 
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of the gates for emergency use. The 
two gates close the two openings which 
are roughly two halves of a circle 
separated by a concrete wall, and 
which merge into a single circular tun- 
nel about 20 feet back of the gates. 
The tunnel then turns direct!y down- 
ward to an intake shaft 22 feet in 
finished diameter which goes to the 
bottom of the pressure tunnel. In order 
that the tunnel may be filled without 
opening the large gates, two 24-inch 
by-pass gates are provided located at 
elevation 360. 

From the intake shaft the pressure 
tunnel extends through solid limestone 
formation to a circular forebay or surge 
chamber, the total length of tunnel 
being 890 feet. The tunnel was actu- 
ally bored 24 feet in diameter, but will 
have a finished diameter of 22 feet. 
The size of this tunnel will carry the 
water for 4 units at 1014 feet per 
second based on total consumption of 
4000 cubic feet per second. 

The surge tank is located in station 
12 plus 78.5 in the main pressure tun- 
nel, and beyond this the tunnel changes 
to an 18-foot section which will be used 
for future extension to the Power 
House. 

About 65 feet north of the surge 
chamber a branch tunnel takes off 
which is likewise 18 feet in diameter. 
Into this tunnel is placed the penstocks 
leading to the Power House, these 
being sealed in with concrete. 


Surge Chamber 


As noted above, the surge chamber 
is located at the lower end of the pres- 
sure tunnel. It is constructed through 
solid limestone, with the exception of 
the top 50 feet, which is in heavy blue 
clay. The finished diameter of this 
surge chamber is 20 feet, and the eleva- 
tion at the top is 450. A spillway open- 
ing is provided at elevation 420, the 
spillway carrying any overflow to a 
small draw upstream from the Power 
House. In this connection, it is noted 
that the surge chamber is only 500 feet 
from the water wheels, giving most ex- 
cellent hydraulic effects and reducing 
the tunnel and pipe-line losses to a 
very small amount. 


Penstocks 


There are two penstocks to each 
unit, each penstock being 8 feet in 
diameter throughout its length, but 
reducing to 7 feet inside of the Power 
House and tying in to an 84-inch but- 
terfly valve. The penstocks open 
directly into the tunnel, there being 
no gate on the upstream end of the 
pipe lines. The penstock sections were 
made in 15-foot lengths to facilitate 
handling during construction. 

All circular joints were single riveted, 
lapped joints, while all longitudinals 
were triple riveted, lapped joints. One- 
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inch button-head rivets were used 
throughout, the thickness of metal 
being 1% inch through the entire line. 


Water W heels 


At the present time there are in- 
stalled in the Baker River Power House 
two units, each unit consisting of two 
water wheels and a generator. The 
water wheels are horizontal shaft 
double overhung Francis turbines with 
runners bolted overhung on flanges 
provided on the generator shaft. Each 
water wheel has a cast steel spiral cas- 
ing with inclined bottom inlet and with 
speed rings cast integral. Each water- 
wheel unit—that is, two complete water 
wheels on the same shaft — has a rated 
capacity of 20,000 mechanical horse- 


‘power when operating under an effect- 


ive head of 200 feet and ag 300 r.p.m. 
The water-wheel unit, as noted above, 
is directly connected to an 18,000 kilo- 
watt, 6600 volt, 3 phase, 60 cycle 
alternating generator, having a rated 
speed of 300 r.p.m. 


Generator. 


The generator in each unit of the 
Baker River Power Station is an a.c. 
machine of 19,500 k.v.a. rating at 0.80 
power factor, 6600 volt, 3 phase, 60 
cycles per second, 300 r.p.m. 

It is of the rotating field, horizontal 
shaft type, and is hung central to the 
entire unit, consisting of generator and 
two water wheels. 

The bearings are equipped with oil 
rings and are suitable for continuous 
operation with ring oiling alone. There 
is, however, a high-pressure oiling sys- 
tem operating normally at a pressure 
of 200 pounds per square inch, and at 
starting, of 1200 pounds per square 
inch. All bearings are water cooled. 


Description of Power House 


The Power House is largely of re- 
inforced concrete, though the third and 
fourth floors are designed with struc- 
tural steel floor beams, and the roof is 
supported on structural steel trusses. 

In the basement back of the genera- 
tors and water-wheel foundations is 
located the oil pump room, oil storage 
room, and neutral switch room. The 
first floor contains the turbine room, 
transformer bays, and exciter room. 
On the second floor is the main switch- 
board room, office, and 6600-volt bus. 
The third floor contains the storage 
battery room, 6600-volt oil circuit 
breaker room and instrument, storage 
and locker rooms. The 110,000-volt 
oil circuit breakers, current and poten- 
tial transformers are on the fourth 
floor, and the lighting arresters are 
located on the roof. Only half a mile 
of track was necessary to connect the 
Power House with the Great Northern 
Railway to permit the handling of 
standard freight cars. 

(Continued on page 38) 
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Industrial Poisons in the United States. 
By Alice Hamilton, A. M., M. D. New 
York: The Macmillan Co., 1925. 542 pp. 


The author of this book is well qualified to 
write upon such a subject, having formerly 
been special investigator of poisonous indus- 
tries for the United States Bureau of Labor 
Statistics, and now holding the chair of As- 
sistant Professor of Industrial Medicine in the 
Harvard Medical School. 

The book is inténded primarily for the 
technical man, more especially the doctor, 
industrial physician, physiologist, or student 
of industrial health. The author has included 
much of the literature up to date on the sub- 
ject, together with her own extensive investi- 
gations. The book is comprehensive and well 
written, and as detailed as necessary for its 
purpose. The various subjects are covered 
from the standpoints of processes in which 
the poisons are found, the physiological effects 
of the several poisons, symptoms and diag- 
nosis, and, to some extent, prevention. A 
valuable feature of the book is a bibliography 
of over a thousand authors, many of whose 
investigations are cited in more or less detail. 

The first chapter is an introduction to in- 
dustrial toxicology, covering especially the 
effects of long hours, alcohol, food, race, age, 
and sex upon persons exposed to poisons. As 
these factors are all involved to some extent 
in industrial poisoning, this introduction 
helps to orient the reader. 

As lead poisoning in its various forms has 
been and is today the most widely prevalent 
form of poisoning, industrial and otherwise, 
it is treated in great detail. Chapters on lead 
pathology, various forms of disease, diagnosis, 
and lead as a race poison, deal with the subject 
before the industrial aspects are constdered. 
Several industrial processes in which lead 
plays an important part are considered in de- 
tail, including lead mining, smelting and re- 
fining, the printers’ trade, the uses of white 
and red lead, storage battery manufacture, 
glazing and enameling, the pottery trades, 
and the painters’ trade. Nearly half the book 
deals with this form of poisoning. 

Several other of the metals, either in the 
form of dust or in the solid state, are of some 
industrial importance, and these are taken 
up as fully as their importance warrants. 
Some of those considered are arsenic, mercury, 
copper, zinc, and brass, manganese, antimony, 
and selenium. 

The acids and caustics, although rarely 
Causing true poisoning, are very important 
industrially. Some of the more important 
ones considered are nitric, sulphuric, hydro- 
chloric, hydrofluoric, and ‘hydrocyanic acids, 
and ammonia, sodium hydroxide, and the 
chromates. 

Another chapter is devoted to carbon 
monoxide and the mine gases, which are 
especially important because little warning 
is given of their presence when they are 
around, 

Poisoning from petroleum distillates is not 
an unusual occurrence, some of the oils and 
tar being of especial significance. It has been 
found that some of the tars are the cause of 
certain forms of cancer, which is an important 
and dangerous disease. 

There are many industrially important 
organic compounds that sometimes cause 
Poisoning which are taken up in some detail. 
Among the most important ones which are 
considered are methyl alcohol, benzene, and 
the derivatives of benzene. The use of ben- 
zene in any quantity in industry is quite 
recent, so the literature on that subject is not 
extensive. Its use is increasing, however, so 
the considerations given it are of special sig- 
nificance. 


A chapter on the coal-tar industry, and one 
on the rubber trade, complete the list of most 
important subjects ‘treated. At the end is a 
section on the prevention of industrial poison- 
ing. 

Considered in the light of a comprehensive 
survey of the subject of industrial poisoning, 
the book is an excellent one. The literature 
covered and cited is especially complete. Al- 
though intended primarily for the professional 
man, there is much general information of 
interest to the layman. 


Modern Magnetics. By. Felix Auer- 
bach; translated by H. C. Booth. New 
York: E. P. Dutton & Co., 1921. 306 pp. 


Within small compass, and in easy, readable 
language, we have here a comprehensive sum- 
mary of the accepted theory on the subject 
of magnetism, forming a non-mathematical 
treatise that will be of interest to the general 
student and at the same time useful to the 
specialist. The author is a well-known pro- 
fessor of physics at the University of Jena, 
and this work is in part a condensation of his 
contribution to the four-volume treatise on 
Electricity and Magnetism by Graetz, with 
additional chapters on Magneto-optics, 
Mechanical and Thermal Relations, and some 
special branches of the subject not treated in 
the larger work. Professor Auerbach gives a 
lucid account of all the main phenomena 
viewed in the light of the latest knowledge 
and theory, and at the same time shows their 
significance in regard to practical and tech- 
nical application. 

Numerous illustrations in the form of 
graphs and drawings with a few mathematical 
equations are included, and an extensive bib- 
liography is appended which groups the im- 
portant references on each phase of the sub- 
ject under appropriate subheadings. The 
book is a definite addition to the literature 
on magnetism available to English readers, 
and should be useful in seminar and thesis 
work as a general outline on which more de- 
tailed study may be based. 


Popular Research Narratives. Collec- 
ted by the Engineering Foundation. 
Baltimore: The Williams and Wilkins 
Co., 1926. 


We have here a very interesting little book 
which needs no introduction. It suffices to 
say that the book is the second volume, a 
continuation of the very popular and widely 
dispersed first volume, of “Research Narra- 
tives.” 

Volume II, like Volume I, contains fifty 
brief stories of research, invention, or dis- 
covery, directly from the “men who did it,’ 
pithily told in language for laymen, young and 
old. It contains several photographs of dis- 
tinguished scientists and engineers, including 
a picture of Professor Kennelly, of the faculty 
of the Massachusetts Institute of Technology. 

“Research Narratives” have been pub- 
lished to spread knowledge of science, engi- 
neering, and invention, and of their contribu- 
tions to the welfare of men. One purpose of 
the Narratives is to lead persons to think of 
what is transpiring in the world to the end of 
adjusting their living, their working, and 
their social and political organizing to the ad- 
vance made by Science. 

Space does not permit a mention of the 
stories contained in the book. Every one is 
intensely interesting, and one wonders how 
such a comprehensive account of each re- 
search problem or invention can be given in 
such a few words, for none of the accounts 
exceeds five hundred words in length. It is 
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a book extremely worth the time of reading, 
especially for the student, for there is no other 
book which compiles under one cover such a 
condensed and yet comprehensive account of 
the recent work that has been done in the 
engineering field. Although intended prima- 
rily for the layman, the book is certain to be 
of interest to the student. 


Jefferson and Hamilton: the Struggle 
for Democracy in America. By Claude 
G. Bowers. Boston: Houghton, Mifflin 
Co., 1925. 531 pp. 


“Picturesque and dramatic,” says the 
author, was the period of the struggle of these 
two giants, a struggle which surpasses in im- 
portance any other waged in America because 
it related to elemental differences in mankind 
that reach back into the ages and far into the 
future. “The dignified steel engravings of the 
participants, with which we are familiar, give 
no impression of the disheveled figures seen 
by their contemporaries on the battlefield.” 
It was a battlefield rich with movement and 
color, with tragedy and pathos, with mobs, 
duels, mass-meetings, hangings in effigy — 
in short, a life-or-death struggle of aristocracy 
against ‘democracy. Yet the parts played by 
the chief contestants, Hamilton and Jefferson, 
were both essential in the building of the 
nation. 

The author has succeeded wonderfully well 
in showing us these two leaders not only as 
master statesmen but as men of flesh and 
blood, with their human weaknesses and 
virtues. Vivid pictures of “society” in the 
New York and Philadelphia of those days, 
which did its best to sway the young govern- 
ment towards monarchical customs, give a 
realistic impression of the times and furnish 
a lively setting for the narrative. 

The book is a striking example of the new 
school of biographic writing and thoroughly 
delightful reading. Once taken up it is hard 
to lay it down, for the story it tells is as thrill- 
ing as any historical novel. 


Wire-Drawing and the Cold Working 
of Steel. By A. T. Adam. London: H. F. 
& G. Witherby, 1925. 212 pp. 

That it is possible to work the precious and 
non-ferrous metals without the aid of heat is 
generally known, but it is probable that few 
persons realize the extent to which cold work- 
ing processes are utilized in the production of 
familiar articles from steel. The present book 
attempts to deal with the scientific aspects of 
wire-drawing and strip-rolling of iron and 
steel from a definitely practical standpoint, 
with especial consideration of the effect of 
cold working on the physical properties of the 
metals. It is intended to appeal not only to 
men in the industry but also to research 
workers; it does not, however, pretend to be 
an exhaustive treatise. 


North America. By J. Russell Smith, 
Professor of Economic Geography, 
Columbia University. Harcourt, Brace 
Co., Inc. 

This volume deals with the economic 

geography of the continent of North America 
in a way which not only holds the interest of 
the American reader, but at the same time 
saturates him with information about his own 
part of the world. 

While primarily concerned with agriculture, 
the subject of manufacturing, water power, 
mining, irrigation, and the relations o these 
to changes in our economic history are dealt 
with in a way that should command the ab- 
sorbing interest of the student. 






































The Engineering Field 


Excerpts from the leading professional and trade journals 


Ethyl Gasoline is again to be put 
on sale, on a large scale, as the imme- 
diate result of a favorable report by 
the Surgeon General’s committee after 
studying the situation for eight 
months. The decision was arrived at 
after the examination of 252 persons, 
some of whom had used or handled 
ethyl gasoline for as long as two years. 
Users of this fuel failed to show de- 
tectible symptons of lead poisoning, 
and workers who handled this product 
showed amounts of absorption which 
were slight in comparison to workers 
in other industries where a lead-poison 
hazard existed. 

In view of these facts the committee 
of scientists stated that in their opin- 
ion there were no grounds for the 
prohibition of the use of ethy] gasoline 
of the composition specified, as a 
motor fuel ingredient, provided that 
its distribution and use are controlled 
by proper regulations. They also 
made some valuable suggestions as to 
means of improving the methods of 
distribution the lead-treated gasoline 
and of providing precautions against 
its misuse.—Chem. &F Met. Eng. 


High Speeds of Rotation by 
Eliminating Friction. In the en- 
deavor to reach high speeds of rota- 
tion, friction and the difficulty of 
getting perfect centering generally 
effect minimum or negative success. 
Two French investigators have de- 
vised a motor operated by compressed 
gas in which the rotating part is sup- 
ported upon the escaping gas. This 
avoids friction and at the same time 
makes it possible for the rotor to 
select its own axis of rotation. Such 
a rotor, 11.7 mm. in diameter, was 
maintained for hours at a speed of 
4000 revolutions per second, and 
could be speeded up to 11,000 revolu- 
tions per second.—Yournal of the 
Franklin Institute. 


$5.00 for Three-Minute Talk 
New York to London.  Transat- 
lantic radiotelephony, New York to 
London, will cost approximately $5.00 
for three minutes of conversation, 
according to a recent statement by a 
Western Electric Company engineer 
engaged in the completion of the 
British post-office station at Rugby. 

There is no doubt that the next few 
years will see a successful system of 
commercial telephony across the At- 
lantic. Recent experiments by some 
of the large companies have proved 
its practicability, providing suff- 
ciently high power is used at the 
transmitting end. 


1926 Marine Motors. The 1926 


Motor Boat Show held in New York 
gives every indication that the marine 
engine field is now the best in which 
to launch experiments. It seems that 
the horizontal opposed cylinder en- 
gine is not to become extinct, because 
it is flat and fits well below deck floors. 
The type has been refined from an 
engineering standpoint, balanced to 
eliminate vibration, and built in units 
up to eight cylinders developing 100 
h.p. The most interesting showing 
was a gas turbine to develop 20 h.p. 
weighing only 125 pounds complete. 
The unit includes a built-in reduction 
gear to step down the main shaft 
speed of 3500 r.p.m. The Knight 
sleeve valve type engine has also en- 
tered the field with some conserva- 
tively designed and well-built models. 


Concrete Poles Reduce Main- 
tenance Cost. A design of concrete 
poles which successfully copes with 
the problem of the growing scarcity 
of timber, and meets the demands for 
longer life, greater strength, and in- 
creased safety factors in telegraph, 
trolley, and transmission lines, is that 
brought out by the Westinghouse 
Electric Company in their new hollow 
spun concrete poles. These poles are 
very durable because they are not 
subject to the ordinary action of the 
weather elements. Water tends to 
harden concrete, and cannot affect 
the reinforcing steel because it is made 
inaccessible to water by imbedding it 
in the pole. The hollow spun poles, 
built by centrifugal force, are free 
from electrolytic corrosion, due to the 
density of the concrete. The use of 
these poles for telegraph and trans- 
mission lines makes possible a con- 
siderable increase in the capacity of 
the lines, and thus permits the reduc- 
tion of the number of poles per mile, 
or an increase in the number of wires 
without reducing the factor of safety. 
Maintenance costs are practically 
eliminated by the use of these poles. 
—Central Station. 


Pure Metallic Uranium. Metal- 
lic uranium is such an active substance 
that it combines with almost all gases, 
and most refractories. This property 
makes it very difficult to obtain the 
pure metal. After several unsuccess- 
ful attempts, several graduate stu- 
dents at the University of New Hamp- 
shire succeeded in obtaining 1.5 kg. 
of uranium, with only a very small 
fraction of a per cent of impurities, 
by reducing uranium chloride with 
calcium. 
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The pure uranium oxide needed as 
a raw material was obtained by dis- 
solving high-grade commercial ura- 
nium oxide in nitric acid, filtering, and 
evaporating the solution to crystal- 
lization. The crystals obtained were 
recrystallized several times, then dis- 
solved in water, precipitated by am- 
monium hydroxide, filtered, washed, 
and ignited. The oxide was then con- 
verted into the chloride by passing a 
mixture of chlorine and_ sulphur 
chloride vapor over uranium oxide 
which was heated red hot in a quartz 
tube by means of four blast lamps. 
The volatile uranium chloride was 
then condensed in another quartz 
tube in the pure condition. The cal- 
cium, also, had to be purified. This 
was done by carefully subliming it. 

In order to prevent the contamina- 
tion of the uranium by iron, the reduc- 
tion was carried out in an alumden 
crucible. The charge, of uranium 
chloride and calcium in the proper 
proportions, was placed in this cruci- 
ble, which in turn was put in a 
nichrome-wound reduction bomb. 
This was placed in an asbestos-lined 
steel cylinder about fourteen inches in 
diameter and eighteen inches high, 
which was connected to two vacuum 
pumps. After a high vacuum had been 
obtained in the cylinder, the heating 
current was turned on. When the 
temperature indicated that the reduc- 
tion had taken place, the current was 
turned off and the vessel allowed to 
cool. After the slag had been washed 
off, there was left a single hard mass 
of over three pounds of very pure 
metallic uranium.—ZJndustrial and 
Engineering Chemistry. 


Bullet-Proof Tank. The War De- 
partment has purchased the patents 
for a bullet and leak-proof airplane 
gasoline tank invented by Pescara, an 
Italian. 

The Pescara tank operates by 
means of two rotating cylinders, one 
within the other, which form the walls 
of the tank. When the cylinders are 
pierced the mechanism moves the 
inner cylinder around so that the 
holes in each cylinder are covered by 
the walls of the other. In the Govern- 
ment tests at McCook Field, the tank 
was pierced repeatedly by .50 caliber 
machine gun bullets, but none of the 
contents leaked out. This tank is 
40 per cent lighter than any other of 
this type, and is said to provide a 
means for the partial elimination of 
fires in airplanes, since it is detach- 
able, so that in event of a forced land- 
ing it may be dropped before the 
plane reaches the ground.—Aviation. 
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Fireless Boiler Generates Steam 
at 1500 Ibs. Pressure. A novel sys- 
tem of high-pressure steam generation 
has been worked out in a Vienna lo- 
comotive works. An auxiliary low- 
pressure boiler gets up a moderate 
pressure in the system to start it. 
From the evaporator or steam genera- 
tor proper, which is entirely separated 
from the furnace, this saturated steam 
is pumped into superheater coils in 
the furnace. The steam then passes 
to the steam generator, where it bub- 
bles up through the water, generating 
more steam. The superheated steam 
serves as the medium by which the 
furnace heat is transmitted to the 
water to be evaporated. Any desired 
pressure can be built up. At a pres- 
sure of 1500 Ibs. per sq. in. and a total 
steam temperature of 825°, it is 
necessary to pump 3% times as much 
steam through the evaporator as 1s 
delivered for outside consumption. 
The system is tapped just beyond the 
superheater coils to supply the steam 
for consumption. The make-up feed 
water is forced through an economizer 
or preheater, heated by waste gases 
from the superheater, into the gen- 
erator drum. Construction has been 
started on an 18,000 kw. plant 
operating at 1500-1700 lbs. pressure 
and 750°-900° steam temperatures. 
It will take up one-third the room of 
a plant the same size operating on 


250 lbs.— Power. 


A Ship without a Seam. A 
rivetless steel tanker with a seamless 
hull has recently been launched at 
Providence, R. I. Electric welding 
made possible this modern marvel. 
Engineers investigating this new de- 
parture predict that the seamless ship 
will be the seagoing vessel of the 
future. 


Real Mud Houses. A short time 
ago, the Scientific American published 
some information about Pisé building 
— building with earth. The wide- 
spread interest which this article 
created has called for another in which 
several examples of buildings con- 
structed of Pisé (rammed earth) are 
commented upon. One building was 
constructed in 1773, and a few years 
ago, when the owner attempted to 
demolish it, the walls were found 
to be hard as stone, making the 
process of destruction too expensive. 
Consequently, it was remodeled and 
now makes a fine-looking building. 
Several Pisé buildings are now under 
construction in this country. They 
are very economical to build, reducing 
both the material and labor charges 
in a startling way. In addition, the 
buildings produced can be very beau- 
tiful in effect. 








German Source of Helium. Ger- 
man scientists claim to have made 
experiments showing that helium can 
be produced from the mineral mona- 
zite in paying quantities. The dis- 
covery was made by industrial re- 
search workers studying the extrac- 
tion of thorium nitrate from monazite 
sand. They say one gram of sand 
heated to 900 degrees C. yields from 
Wy to 1% cc. of helium.—Chemical 
and Metallurgical Engineering. 





© Scientific American. 


DETAILS OF CENTRIFUGAL 
SEPARATOR 
The rotor, D, operated by the flow of gas 
to the cylinders, "has cups formed by the upper 
edge of each blade, which catch and throw 
out all the ungasified matter. 


Centrifugal Separator for Car- 
buretor. The latest device designed 
to prevent liquid gasoline or other 
solid particles from reaching the auto- 
mobile cylinder while still allowing a 
free flow of gas, employs the centrifu- 
gal principle. Referring to the illus- 
tration, D is the rotor in the air-gaso- 
line stream, mounted on jeweled bear- 
ings. The six spiral blades are cupped 
at the top so that all solid or liquid 
particles are caught and thrown out 
through horizontal slots in the side 
of the tube. The completely gasified 
mixture goes on to the cylinder freely, 
while the liquid gasoline particles, 
with any solid impurities, fall to the 
bottom of chamber K. This chamber 
is connected to the intake manifold 
at the top, and is surrounded by hot 
exhaust gases so that all good fuel is 
vaporized and sent to the cylinders 
in the gas stream. Impurities col- 
lected in pocket K may be washed out. 

A very carefully conducted series 
of tests of this device have proved 
that, under the best of conditions, it 
can increase the gasoline mileage of 
a certain automobile by 78.5 per cent, 
or from 19.2 to 34.2 miles per gallon. 
—Scientific American. 
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Powdered Hydrocyanic Acid. 
This nickname has been given to cal- 
cium cyanide, because it can be used 
in place of liquid hydrocyanic acid. 
Calcium cyanide is decomposed so 
easily that mere exposure to moist air 
causes its immediate devomposition 
with the formation of hydrocyanic 
acid. On account of this property, it 
lends itself to all types of fumigation, 
especially that of citrus trees. It is 
safe to use it on the trees, because a 
small overdose does not burn the 
foliage as does a small overdose of 
hydrocyanic acid. It is also easier and 
safer to transport. 

The calcium cyanide is manufac- 
tured by treating calcium carbide with 
liquid hydrocyanic acid to which is 
added water for a catalytic agent. 
On account of the hydrolysis of the 
product, only about 2 per cent of 
water can be used. After the reaction 
has taken place, the sludge remaining 
is evaporated in a vacuum crystal- 
lizer, and the calcium cyanide is ob- 
tained as a fine light tan powder.— 
Industrial and Engineering Chemistry. 


Important New Alloy. The need 
has been felt in several industries for 
a metal or alloy that would not be 
corroded by hydrochloric acid. This 
need has been met by the production 
of a silicon-copper alloy inv ented by 
Mr. C. B. Jacobs. This alloy is really 
a solution of silicon and manganese in 
copper with a composition of 95 per 
cent copper, 4 per cent silicon, and 
about 1 per cent manganese. The 
alloy is manufactured in the electric 
furnace from materials of the highest 
purity, to prevent the presence of 
foreign materials which would reduce 
its anti-corrosive properties. 

This alloy is not only resistant to 
the action of hydrochloric acid, but 
also sulphuric acid, alkalies, and other 
corrosive agents. Another great ad- 
vantage of the new alloy is its adapt- 
ability. It can be cast, drop-forged, 
rolled, stamped, and drawn into wire 
or seamless tubing. This enables its 
production in all forms, and greatly 
widens its field of usefulness. 

One of its most important applica- 
tions will be in the steel industry, 
where it can be used for pickling and 
similar operations. It can also find 
many applications in the chemical and 
textile industries as containers for 
various corrosive liquids.—The Du- 
Pont Magazine. 


Sleeve Valves in Airplane En- 
gines. In order to prevent the en- 
gine-valve failure which causes many 
airplane accidents, the British are 
trying to adapt the Knight sleeve 
valve to airplane engines of the air- 
cooled type. 






































MAKING THE MOST OF THE 
THESIS 


Every year at Technology some four 
or five hundred students prepare their 
bachelor’s thesis. The majority of 
fourth-year men show a very real in- 
terest in this work, especially if the sub- 
ject is one of their own choosing. In 
many ways it forms the first real break 
from stereotyped instruction. 

To complete a really successful 
thesis, it seems to us that a man should 
first search out and realize the need for 
an investigation; second, draw up a 
practical plan for making it; third, 
carry through this plan, and finally, 
draw logical conclusions from the re- 
sults obtained. Each factor calls for 
the exercise of different qualities of 
thought, and this accounts for the fact 
that not a great number of theses com- 
pleted each year can be considered as 
complete successes. The last three 
items must enter into almost every 
thesis which has any claim to useful- 
ness. The first is probably by far the 
most commonly missed of the elements 
mentioned above, and it alone will be 
considered here. It is, of necessity, 
difficult for a professor to make a just 
appraisal of the originality of the idea 
underlying the report submitted. The 
student himself is the only one who can 
really know whether or not he has suc- 
ceeded in this respect. 

It must very often happen that ideas 
tentatively submitted by students have 
to be rejected because of limitations of 
time or expense. In such cases a man 
will probably make a choice from one 
of the subjects which each department 
has always ready for investigation. He 
may feel that he has gained nothing 
by his trouble in making the original 
search for his problem and turn to the 
work he finally chooses without much 
enthusiasm. Almost any of us would 
prefer to carry through to a final com- 
pletion an idea that is entirely our own. 
But if the reasons against this particu- 
lar investigation are clear, or if — and 
this is even more important — the man 
can see that some proposal submitted 
to him is more pressing and has greater 
possibilities, he is losing nothing by 
abandoning his own. The necessity 
for judging between the merits of a 
favorite idea and a rival proposal is 
one that is so likely to occur in an en- 
gineer’s career that any previous ex- 
perience of the same nature is bound 
to be valuable. 

This takes away nothing from the 
importance of the original search for a 
suitable subject. If possible, the idea 
should be carried mentally through the 
process of investigation. There is no 


need for early abandonment because, 
perhaps, it seems too ambitious. If a 
plan is thought out and submitted, it 





Editorials 


matters less than we might at first be 
inclined to imagine if the same one is 
actually carried through or not. The 
man who merely makes a selection 
from a list prepared by his department, 
with no effort to find something on his 
own account, is missing something of 
value. The man who shows so little 
initiative that his thesis subject has to 
be selected for him is missing very much 
more. Opportunities for finding suit- 
able problems vary, but in three years 
at Technology, supplemented by some 
practical experience outside, it ought 
to be possible to think of something. 
Schedules are full, however, and the 
senior year arrives very often with 
nothing even thought of in this direc- 
tion. To obtain the fullest benefit, 
then, from one of the most valuable 
parts of the course, the time to start 
looking for a thesis subject is the first 
day of the freshman year. 


THE NEED OF VISION 


It has been said that engineers lack 
imagination, and even that this is just 
as well. If by imagination we mean, 
with Webster, “the image- forming 
power of the mind,’ "it becomes im- 
mediately possible to take issue with 
the second part of this statement, what- 
ever opinion one may hold on the first 
part. It is true that it takes all classes 
of engineers to make a profession, just 
as it takes all sorts of people to make 
a world. The routine of operation 
probably offers the least possible scope 
for imagination. But even then it is 
probable that the man gifted with its 
possession will be as capable of know- 
ing when he must obey blindly as 
another, less far-seeing, would be. 
In any unusual or unexpected situa- 
tion, the former surely must be more 
valuable. 

As we get away from this class of 
work, the arguments become propor- 
tionately stronger. The accusation of 
lack of imagination may arise from the 
many adverse reports which the en- 
gineer makes upon the schemes of those 
more enthusiastic than practical. It 
may arise also when a man ignores the 
suggestions of a colleague or subordi- 
nate. In the great majority of cases in 
the first category, such reports are very 
much justified, but there are enough 
exceptions to show how necessary is 
an open mind under such circum- 
stances. It is human nature to be much 
less tolerant of another man’s ideas 
than of our own. The opinions may 
be sincere enough, but unless there is 
vision as well as sincerity they may 
work harm to the prestige of engineers 
as a whole out of all proportion to the 
actual loss they cause. No man with- 
out imagination could see far enough 
past their obvious imperfections to 
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visualize the possibilities in many proj- 
ects submitted for his opinion. 
So, also, when the engineer is himself 


the originator of great ideas. What 
great engineering work has been carried 
to a successful conclusion that has not 
been first a vision in the minds of the 
men planning it? The new Technology 
itself was once such a dream. Would 
the research engineer accomplish much 
if he worked entirely by rote? The 
question “How?” must spring into the 
mind of any technically trained man 
close upon the heels of his ideas. There 
is even a danger that this “How?” be- 
coming too insistent in the early stages, 
may wreck a project that has real pos- 
sibilities. 

A great engineer must add the quali- 
ties of vision and imagination to the 
practical outlook which his calling re- 
quires. His ideas when they are given 
to the world may lack much of the 
glamor which so often accompanies the 
more fantastic suggestions of others, 
but this only indicates that they are 
one step nearer realization. 


A GENERATION AGO 


Many journals that have been. es- 
tablished for twenty-five years or more 
republish extracts from their early is- 
sues under some suitable caption. If 
well chosen, such paragraphs may form 
an excellent picture of the events and 
customs which were contemporary with 
their first appearance. In no field is 
this more marked than in the case of 
technical periodicals. There the key- 
note is one of change — change in cir- 
cumstance, in outlook, in opinion. Per- 
haps a rash prophecy is fulfilled tenfold 
while a proposal which must have 
seemed very much more reasonable at 
the time has been wholly discredited 
by more recent knowledge. 

Each one that reads must react dif- 
ferently according to his own views 
and circumstances. The man nearing 
the end of a successful career, in think- 
ing over the changes that have oc- 
curred, may, perhaps, feel pardonable 
pride in the part he has taken in bring- 
ing them about. The young and self- 
confident are likely to treat the doings 
of a former generation with amused 
condescension. In fact, a sense of our 
superiority and progress is possibly the 
most common reaction, and just in this 
way future generations will look back 
on the achievements of today. 

Most engineering magazines are 
comparatively young. As the years 
pass, the changes which their pages 
record will become increasingly inter- 
esting. And the value of the record 
will increase with its interest and be- 
come merged into scientific history, 
with all its possibilities for inspiration 
and guidance in the future. 
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Mastér of Icebergs 


a new kind of college degree 


ASTER all the intellectual icebergs you 
sight at college, and your degree will\mean 
something. 

The cold facts you learn, like a?=b*+c?, afe but 
the visible tops of these icebergs. Underneath, 
as with floating ice, lie the other eight-ninths. 

Facts are of little importance till you see the 
in relation to their great underlying principles, 
The facts of mathematics strike deep into the 
other sciences. The facts of history strike deep 
into sociology, ethnology, geography. 

That is why an engineer who learned -Ohm’s 
Law\can develop a great telephone €xchange and 
controhits fascinating forces 

Viewed thus, the endless array of dry facts and 
dull figures that seem to crowd the years brighten 
and beckon with a challenge—to look deeper, 
ever deeper. 
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vestern Electric Company 
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Here and There 


Interesting notes from the Editor’s desk 


SAFE NIGHT FLYING 
Speaking of radio, its principles are 
used in many lines other than the field 
of communication. C. Francis Jenkins, 


of radio moving-picture . fame, has 
again proved his originality by invent- 
ing an altimeter that is entirely differ- 
ent from anything that has been used 
before. 

It is a remarkable safety device for 
night flying, or for averting accidents 
that often occur in dense fog. 

The inventor calls his airplane safety 
device a “radio altimeter,” but it is 
different from the ordinary altimeter 
in that it keeps the aviator a definite 
distance from the ground, no matter 
how rolling it is, instead of merely tell- 
ing how high the plane is above the 
level of the ocean. 

Just as a mirror reflects objects, the 
earth reflects radio waves — the short 
ones to a very great degree. The radio 
altimeter makes use of a wavelength 
of five meters, and when this is trans- 
mitted from a plane, the part of the 
wave striking the ground is immedi- 
ately reflected into the air, and of 
course would affect a receiver on the 
plane. 

The reflected wave is either in phase 
or out of phase with the transmitter, 
depending on the height above ground, 
and due to the comparatively short 
distance of travel, is quite strong, 
strong enough to affect a vacuum tube 
and relay, when in phase. 

Closing of the relay lights a small 
pilot lamp on the instrument board, 
thus indicating that the plane is flying 
at the correct altitude. If, however, 
the lamp should go out, the pilot would 
have warning of the approach of 
mountain-side. 

Thus many terrible accidents can 
be averted, such as befell Pilot Charles 
H. Ames of the Air Mail Service when 
he crashed into a mountain one night 
near Beaver Falls, Pa. 

Already models have been placed in 
several of the mail planes for experi- 
mental purposes. 


SCIENCE AS KING SOLOMON 


The old biblical episode of the judg- 
ment of King Solomon delivering a 
child to its rightful mother has had a 
modern counterpart in the Circuit 
Court at Detroit. 

The child in question had been under 
the care of a foster mother since a few 
weeks after birth. The natural mother, 
after four years had elapsed, petitioned 
the court for custody. 

In an effort to arrive at a just de- 
cision on the petition of the natural 
mother for her child, Judge Brennan 
had the two women and the child stand 





before him for questioning. Concealed 
from view was a moving-picture cam- 
era, and as the questioning proceeded, 


the expressions and facial reactions of 


the characters concerned were recorded. 

During the questioning the judge 
made the statement that he might 
have to commit the child to an institu- 
tion. After the film had been devel- 
oped, it was clearly shown that the 
foster mother had been by far the most 
affected by this statement. On the 
strength of this and various other 
psychological tests, the judge awarded 
the child to the foster mother on the 
grounds that she showed more love for 
the child and solicitation for its care 
than the other woman. 


FAPANESE MAKES IMPORTANT 
DISCOVERY IN PURE 
PHYSICS 

Of recent years Japan has given 
numerous proofs that in addition to 
the assimilation of western civilization, 
she has inventive ability of her own. 

A recent illustration of this is the 
discovery of permanent electrification, 
which should add considerably to our 
present knowledge of atomic phe- 
nomena. 

The experiments were made in the 
Higher Naval College at Tokyo, by 
Prof. Mototaro Eguchi. 

The electrified body, or “‘electret,”’ 
as named by the professor, consists of 
a mixture of resinous compounds, 
resin, and a little beeswax. The melted 
mixture was poured into a shallow, flat 
pan, as in making an electrophorous. 
Then, before the wax has time to 
harden, a metal plate is lowered over 
the mixture, and a high voltage ap- 
plied to the two plates of the condenser 
thus formed. In this way an electro- 
static field is created in the wax. 

After the wax hardens, the wax is 
found to be electrified oppositely to the 
original signs on the plate of the con- 
denser, with one side permanently 
positive and the other permanently 
negative. That these charges are 
really permanently held, is proved by 
the fact that the professor has plates 
charged in this way since 1919 in his 
possession. Some of these reach a po- 
tential as high as 20,000 volts. 

The surface charge is destroyed tem- 
porarily when the plate is scratched or 
heated slightly, but this is soon re- 
stored if the electret is allowed to stand 
with its surface protected by a metal 
plate. 

Although there is no apparent im- 
mediate use for this discovery, it may 


be considered one more stepping-stone 


toward a complete understanding of 
the internal structure of matter. 
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MULTIPLEX WIRES 


In the days of the beginning of com- 
mercial telegraphy, the greatest ob- 
stacle in the way was inertia of human 

nature in taking up such a radically 


- new thing. However, after a successful 


financial basis had been attained, mes- 

sages and traffic began to pour in in 
large amounts, and the companies con- 
trolling the lines were forced to put up 
more and more wire to take care of the 
increasing business. 

Obviously, there was a great need 
for some method of sending more than 
one message over the same wire at the 
same time. If such a device could be 
perfected, it would save millions of 
dollars in operating expenses and first 
cost. 

At this point Thomas Edison stepped 
in with his multiplex system, and the 
dream became a reality. 

In a very few years we will be up 
against much the same thing in com- 
mercial wireless telegraphy. Up to the 
present time there are only a few com- 
paratively narrow bands open to com- 
mercial traffic, and increasing business 
will fill these before long. Experiment- 
ers have had no success in working with 
waves below ten meters, so the open- 
ing in that direction seems cut off. 

Obviously, when the saturation 
point with present sending methods 
has been reached, a demand will make 
itself felt for a means of sending more 
than one message at a time on a given 
wavelength. 

This demand has been foreseen by 


John Hays Hammond, Jr., well-known 


radio engineer, and he has recently 
demonstrated his system before the 
Navy Department. In these tests he 
used a vacuum tube transmitter oper- 
ating on a wave of about ten meters. 

Another investigator, Tyzzer, of the 
American Radio and Research Com- 
pany, has done considerable along 
these same lines. 

The majority of research so far has 
been done along the lines of two or 
more sharply tuned lower frequencies 
superimposed on the single carrier 
wave of comparatively low wave- 
length. 

As an analogy, everyone has noticed 
how music from a phonograph, for in- 
stance, and the human voice, can 
carry over the same telephone line at 
the same time. As the human ear 
responds to a large band of frequencies, 
it is hard to pick out either one, but in 
the case of wireless transmission, this 
can easily be done by use of sharply 
tuned circuits tuned to each super- 
imposed frequency. 

We look forward to seeing some such 
system come into early commercial use. 
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Leadership 


Leadership is measured by service. 


For nearly a century and a quarter, 
the du Pont name has signified leader- 
ship in explosives manufacture on 
this continent. 

Paralleling the rapid growth of Ameri- 
can industry, the du Pont Company has 
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and solve new problems that industry 
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the “Blasters’ Handbook”—now used by 
instructors and students in many lead- 
ing technical institutions throughout 
the country. A copy will be sent free 
upon request. 
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The Technical Graduate in the’Paper Industry 


really wonderful that rags and cast-off 
clothing could form the basis of a con- 
spicuous industry as it has in the past 
and does yet to a considerable degree. 
As long as cotton and flax grow and 
are a source of textiles, so long will 
their residues find their way to the 
paper mill to be transformed into a 
beautiful vehicle for the dissemination 
of knowledge and the advancement of 
civilization. Textiles do but clothe and 
adorn the body, but paper carries with 
it the association of intellectual and 
spiritual values. 

I do not intend to make any in- 
vidious comparisons between these two 
great basic industries, but rather to 
attach a significance to paper which I 
do not believe has been fully compre- 
hended, and which I believe rightfully 
belongs to it. 

Comparing these_two industries in 
some of their commercial aspects, there 
are many similarities and diversities. 
Cotton is a high-priced commodity 
which enjoys a speculative market, de- 
pending upon many circumstances. 
This 2 dhe entrains uncertainties in 
the textile industry. A successful agent 
of a cotton mill is supposed to be espe- 
cially gifted in forecasting the market, 
and if he is fortunate, he may add con- 
siderably to the profits of the concern. 
There is nothing speculative about 
paper. It is one of the most dependable 
of all industries. People will buy paper 
when they will not buy clothing. Paper 
is relatively cheap. In tonnage, power 
required, and capital invested in plant, 
paper far outweighs textiles. 

I make these few references so that 
my student readers who may be cast- 
ing about to make choice of their future 
vocation may be better qualified to 
judge. 

In order to bring to my readers some 
of the chemical and engineering prob- 
lems in the industry, I will now very 
briefly refer to the various processes 
involved in the manufacture of paper 
and pulp. 

When rags, old rope stock, and 
gunny bagging are the raw materials, 
they must first be sorted or classified, 
cut up uniformly, and dusted. They 
are then charged into cylindrical rotary 
boilers and treated under moderately 
high temperatures and pressures with 
a liquor composed usually of soda ash 
and lime, for ten to twelve hours. They 
are then blown down and dumped upon 
cement floors to cool and drain. The 
next process consists in giving them a 
thorough washing in a continuous 
stream of water in the rag engine, 
which at the same time partially dis- 
Integrates them. Then, bleaching 


(Continued from page“/) 


liquor is furnished and well mixed with 
the contents, and they are discharged 
into drainers where the whitening 
process continues for a few days. This 
stock in this condition is called “‘half- 
stuff,” and is now ready for the beaters. 
The treatment it here receives is per- 
haps the most important of any part 
of the process. A difference in the 
natural characteristics of the raw stock 
is of course an important consideration 
in the making of a given type of paper, 
but many different characteristics may 
be given to paper from the same stock 
by the treatment it receives in the 
beaters, as, for instance, ledger, bond, 
and writing paper may each be made 
from the same stock by varying the 
process of beating. Herein lie many 
engineering and chemical problems of 
great moment. The pulp or “‘stock”’ is 
now ready for the machines, of which 
there are two types, one, the Four- 
drinier, named after a Frenchman who 
was the original inventor. Here the 
formation of the sheet takes place on 
an endless moving wire cloth, upon 
which the pulp, very thinly diluted, 
flows. From the manner in which the 
pulp deposits upon the wire uniformly 
in all directions, the sheet of paper will 
be equally strong, both crosswise and 
lengthwise. Most light and high-grade 
papers are made on the Fourdrinier. 
The other type of machine takes its 
name from the cylinder upon which the 
sheet is formed. The cylinder mold, as 
it is called, has a fine wire facing and 
revolves slowly, largely submerged, in 
a vat of the liquid pulp, from which the 
sheet is deposited by the suction of the 
water passing through the wire and 
flowing off through the ends of the 
mold. A soft faced roll, traveling on 
top of the mold, is called the “‘couch”’ 
roll, and takes the sheet in continuous 
web from the cylinder and passes it on 
to press rolls and driers. From the 
manner in which the pulp is deposited 
in the sheet formation, such papers are 
always stronger lengthwise than cross- 
wise. This has its advantages for cer- 
tain uses, and disadvantages in others. 
The number of these cylinder units in a 
machine may be one or more, accord- 
ing to the thickness of the paper which 
it is desired to make. When there are 
more than one, each single sheet is 
superimposed upon others in the wet, 
puipy condition, thus forming the com- 
posite whole. All kinds of board papers 
are made on the cylinder machine. 
Papers are either “loft dried” or 
“machine finished,” according to the 
manner of drying. Only high-grade, 
animal-sized papers are loft dried, 
while others are dried on the machine. 


From the loft or machine the paper 
receives various finishes, depending 
upon circumstances. 

When wood is the raw stock, there 
are four different processes for treat- 
ing it. In each case it must be cleaned 
to remove bark and imperfections. 
The wood is cut up into two and four 
feet billets for this part of the process. 
It is then ready for the grinder, if for 
ground pulp, or for the chipper, if it is 
to be converted into chemical pulp. 
The ordinary news paper is composed 
of about 75 per cent ground wood and 
25 per cent chemical pulp. 

For the chemical pulps, the .wood is 
cut up into chips about three fourths 
of an inch in length for each of the 
three processes and charged into digest- 
ers to be cooked under high pressures 
and temperatures. 

By one of these processes, the cook- 
ing is done with a straight caustic soda 
liquor; by the second, a complex soda 
liquor is used, composed chiefly of 
sodium hydrate and sulphide. By this 
process, what is known as Kraft pulp 
and paper is produced, which goes 
largely into strong wrapping papers. 
The digesters for these two processes 
are simply steel shells which are not 
affected by the alkaline cooking liquors. 
The chemicals from these two processes 
are largely recovered for re-use by 
evaporation of the spent liquors and 
incineration of the organic matter. 

The third process is known as the 
Sulphite Process, in which the wood 
in chip form is cooked in an acid 
liquor, made by passing sulphur di- 
oxide into milk of lime until there is a 
large excess of the sulphur gas. The 
digesters for this process are very 
large, holding often as much as thirty 
cords of wood in chip form. The shells 
are made of 34-inch steel plate and are 
lined with about ten inches of acid- 
proof brick laid up and backed with 
cement and litharge mortars. 

All of these pulps are washed, 
screened, and perhaps bleached, and 
are then ready for the beaters and the 
machine. It is important to note that 
most large mills which bleach their own 
chemical pulps have their own elec- 
trolytic bleach-making plants, and 
where the soda processes are employed, 
the pulp mills are customers for both 
the chlorine and soda products, which 
has resulted in great economies. This 
involves a knowledge of electro-chem- 
istry. 

From this brief abstract of the manu- 
facture of pulp and paper, it will be 
apparent that there are abundant op- 
portunities for the chemist, physicist, 

(Continued on page 28) 
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P reparation—the Keynote of 


Achievement ! 


IGH- pressure boilers would be im- 
possible without correspondingly high- 
pressure accessories. 


The installation at Weymouth, Mass., 
of the first large 1200-lb. power boiler had 
to be anticipated ,by’the ‘successful devel- 
opment of 1200-lb. safety valves for its 
protection. 


The Consolidated Safety Valve Company 
undertook this development, which required 
obtaining a boiler especially designed and con- 
structed for this unprecedented pressure. Every 
fitting and valve on this boiler and its auxiliaries 
had to be especially designed as a pioneering 
step into this new high-pressure field, and the 
entire installation really forms a 1200-lb. steam 
test laboratory. 





While built primarily for the testing of Con- 
solidated Safety Valves, it is available for high 
temperature and pressure research work. We 
have in this way kept in the lead with thorough 

WELVE-HUNDRED-POUND boiler preparation in this high-pressure power boiler 
and laboratory now in use for testing movement, and are commercially producing 
safety valves at pressures up to 1250 lbs. and safety valves tested and set at the highest steam 


at superheated temperatures up to 800° F. pressures and temperatures existing in power 
plant service. 





A General View 
of the 
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‘Puan Manning, Maxwell & Moore, Inc. 


Machine Tools 
“Ashcroft” 


&? a 100 East 42nd St., New York 
M Inspirators and Branches 
Valves eae . . , 
‘ . % ‘Birmingham Chica Philadelphia Seattle 
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Safety Valves Buffalo Detroit San Francisco . 
Metropolitan BRIDGEPORT WORKS—CONSOLIDATED SAFETY VALVE CO. 
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The Technical Graduate in the Paper Industry 


and engineer, and I should include the 
forester, and I venture to predict that 
botanists and entomologists will find 
a place in the industry before many 
years pass. 

I must pause a moment to give more 
consideration to forestry. It is a sub- 
ject of profound concern far beyond 
the limits of paper, and yet I venture 
to say that paper has been a greater 
consumer of forest products than lum- 
bering interests. We of the United 
States and Canada have been harvest- 
ing a wild crop with which we had noth- 
ing to do with the growing. It is just 
as rational to cultivate a growth of 
forest trees as any other agricultural 
product, and I believe many agricul- 
tural practices are sujted to scientific 
forestry. Meanwhile, each year, the 
chemist and engineer must endeavor 
to make the processes of paper making 
from wood more efficient. Roughly 
speaking, only about one half the solid 
contents of wood is recovered in chemi- 
cal pulp, the other half being waste. 

The supply of rags is continually 
dwindling, and all sources of such 
materials must be conserved. There 


(Continued from page 26) 


remain other sources of raw materials 
in this country suitable for certain 
grades of paper. These, however, can- 
not take the place of wood in the pro- 
duction of the daily newspaper so long 
as it is possible to obtain wood at any 
price. Here lies an opportunity for 
trained practical experimenters, and 
our Forest Products Laboratory needs 
more such men than are available. It 
is very important that young technical 
graduates acquire as much contact ex- 
perience with this industry as possible 
during their courses. The Institute, 
through its School of Chemical Engi- 
neering Practice, is working to this end. 

Earlier in this article, | referred to 
the time not many years ago when 
chemistry and engineering were little 
regarded, but today there is a flourish- 
ing association of several hundred tech- 
nical chemists and engineers connected 
with the manufacture of paper and 
which the parent association regards 
very highly. It has many special com- 
thittees to which special problems are 
assigned, and at stated times these 
committees smake their reports when 
discussion is invited. 


BAY STATE 


Perhaps the most notable thing these 
technical men, both in the United 
States and Canada, have done, jointly, 
has been the publication of a set of five 
volumes devoted to pulp and paper 
manufacture, in which the material has 
been furnished by the best talent in 
the industry. The fundamental aim 
in this undertaking has been to provide 
a basis for educating the workers and 
others looking forward to executive 
positions, and to maintain the high 
ideals and supremacy of the industry. 
Two great states now offer extension 
courses and class instruction. In 
Canada, the Institute of Industrial 
Arts at Gardenvale has more than 750 
students taking extension courses in 
paper making, while the New York 
State College of Forestry, at Syracuse, 
N. Y., is devoted exclusively to giving 
a liberal education to students in paper 
making and forestry covering a four- 
year course leading to a degree. 

There is hardly another industry 
whose aims and purposes are higher, 
or which offers greater opportunities to 
technically educated young men. 
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BRINGING MORE DAYLIGHT INTO INDUSTRIAL 
BUILDINGS. 


Dr. George M. Price, writing on “The Importance of 
Light in Factories,” in “The Modern Factory,” states: 
“Light is an essential working condition in all industrial 
establishments, and is also of paramount influence in the 
preservation of the health of the workers. There is no 
condition within industrial establishments to which so 
little attention is given as proper lighting and illumination. 
Especially is this the case in many of the factories in the 
United States. A prominent investigator, who had exten- 
sive opportunities to make observations of industrial es- 
tablishments in Europe as well as in America, states: “I 
have seen so many mills and other works miserably 
lighted, that bad light is the most conspicuous and general 
defect of American factory premises.” 

“My own investigations for the New York State Fac- 
tory Commission support this view. In these investigations 
it was found that 36.7% of the laundries inspected, 49.2% 
of the candy factories, 48.4% of the printing places, 50% 
of the chemical establishments, were inadequately lighted. 
There was hardly a trade investigated without finding a 
large number of inadequately lighted establishments.” 

Inadequate and defective lighting of industrial build- 
ings is not confined to the establishments in New York 
State alone. The same conditions prevail in most sections 
of the country. 

Such conditions as mentioned above are entirely op- 
posed to the laws of health, sanitation and efficiency. 
Wherever poor lighting conditions prevail, there must be 
a corresponding loss of efficiency and output both in qual- 
ity and in quantity. American industry is not using nearly 
enough daylight and sunlight in its buildings. Every 
endeavor should be made to use as much as possible of 
daylight for lighting purposes. To obtain this it is of 
course necessary that the rays of daylight and sunlight 
are permitted to enter the interior of the buildings as 
freely as possible, with the important modification that 
the direct rays of the sun must be properly diffused to 
prevent glare and eyestrain. A glass especially made for 
this purpose is known as Factrolite, and is recommended 
for the windows of industrial plants. Windows should be 
kept clean if the maximum amount of daylight is to pass 
through the glass, but the effort will be well repaid by 
the benefits. secured. 


In the presence of poor lighting, we cannot expect 
men to work with the same enthusiasm as when a well 
lighted working place has been provided. The physical 
surroundings have a deep effect upon the sentiments of 
the employes, and where bad working conditions are al- 
lowed to prevail, there is invariably a lessening of morale 
and satisfaction created thereby. Neglecting to utilize 
what nature has so bounteously provided, daylight, and 
which is so essential toward industrial efficiency, we have 
an instance of wastefulness, but now that the importance 
of good lighting is becoming recognized, undoubtedly more 
attention will be given by progressive industrial employ- 
ers to furnishing the means which are essential for their 
workers to secure and maintain the efficiency, which counts 
for so much in the success of any industrial concern in this 
competitive age. 

If you are interested in the distribution of light 
through Factrolite, we will send you a copy of Laboratory 
Report—“Factrolited.” 


MISSISSIPPI WIRE GLASS CQ, 
220 Fifth Avenue, 


St. Louis. New York. Chicago, 
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| “more easily 
when you 
tilt the razor 









the blade will shear off the hairs. It 
cuts a great deal more smoothly that way 
than if you drew it straight down on your 
beard. 


The Brown & 
Sharpe engineers built 
this easier cutting, 
shearing principle 
into a milling cut- 
ter by “tilting” the 
cutting edges of 
the teeth, with the 
result that they 


VW 7HEN you shave you tilt the razor so that 






















: . Note the alternate spiral angles of 
shear easily into the “‘staggered”’ teeth and their sub- 






the metal. stantial backing. 







To further improve the efficiency of the 
cutter they alternated this “tilt” or spiral 
angle and “staggered” the teeth. Also, the 
teeth were well undercut and furnished with 
a rugged backing. The result is a cutter with 
plenty of chip clearance that will take easily 
and rapidly deeper cuts, especially in steel. 












This cutter is called the Brown & Sharpe 
Staggered Tooth Side Milling Cutter. It will 
remove a large amount of metal without de- 

structive vibra- 
a chatter, 
the enemies of 
high production 
milling. 



















There is con- 
siderable infor- 
mation about 
cutters and their 
designinthe New 
No. 30 Small 
Tool Catalog. A 












Deep cuts in steel like the above are copy will be sent 
conclusive evidence of the superiority 


of Brown & Sharpe Staggered Tooth free at your 
Cutter Design. request. 


BROWN & SHARPE MEFG. CO. 
PROVIDENCE, R.L, U.S.A. 
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Measurements and Units of Measure 


In English measurements the foot, 
the pound, and the second may be used 
as the fundamental units. In metric 
measurements the centimeter, the 
ei and the second are used as the 
undamental units. This last is known 
as the C. G. S. System (centimeter, 
gramme, second) and is widely used for 
the international convenience of scien- 
tific men. Practically all scientific 
work today employs this system. 

Having our fundamental standards 
for measurement, the next problem is 
that of the regulation of the copies of 
these standards used in trade and in- 
dustry. The regulation of these stand- 
ards is a matter which is in the interest 
of every individual. Practically every 
commodity which is bought or sold is 
measured by one of these standards. 
This problem is almost.as old as the 
human race, and we cannot claim that 
it is entirely solved today. The earliest 
known writings of man contain numer- 
ous references to this subject. Prac- 
tically every city in this country has a 
Sealer of Weights and Measures, whose 
duty it is to inspect the standards of 
measure used in trade. 

One problem that arises is what 
variations can be tolerated in these 
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standards. We must recognize at the 
outset that absolute identity is not 
humanly possible. Accuracy 1s a rela- 
tive term. For example, an astronomer 
may make an accurate determination 
of the position of a star. His measured 
distance may vary from the actual dis- 
tance several million miles. Neverthe- 
less, his determination is accurate. 
Going to the other extreme, a physicist 
engaged in making measurements of 
the length of light waves must have his 
determinations correct to within a 
fraction of a millionth of an inch in 
order to be accurate. The permissible 
variation in these standards should de- 
pend, therefore, upon the use to which 
they are to be put. For scientific work 
where the smallest errors are trouble- 
some, this variation should be as small 
as it is possible to keep it. For less 
exacting work, this extreme accuracy 
is not necessary. 

For example, in machine-shop prac- 
tice there is a limit to the degree of ac- 
curacy which can serve any useful pur- 
pose. A difference in temperature of 
several degrees often exists between a 
part as it is just completed, and still 
somewhat warm from the heat of the 
cutting operation, and one which has 
been completed for some time and has 
cooled to room temperature. Also a 
somewhat similar difference in temper- 
ature often exists between a measuring 
instrument which has been held in the 
hand for some time and parts which are 
being picked up and measured succes- 
sively. This difference will often amount 
to fifteen or twenty degrees Fahrenheit, 
and sometimes. even more. The dif- 
ference in size due to expansion by heat 
of this amount will be about one tenth 
of a thousandth of an inch per inch of 
length. It should be obvious that with 
such variations present due to tem- 
perature differences alone, the relative 
sizes of similar parts under such condi- 
tions cannot be definitely controlled to 
the tenth part of a thousandth of an 
inch. Whenever the degree of accuracy 
required is less than one quarter of a 
thousandth of an inch per inch of 
length, suitable precautions as regards 
the temperature must be taken. When- 
ever it begins to approach the tenth 
part of a thousandth of an inch per 
inch of length, or less, the determina- 
tions should be made under conditions 
where the temperature is controlled if 
dependable results are to be obtained. 

The A. S. M. E. Committee on 
Power Test Codes has defined many 
terms and conditions relating to meas- 
urement. The following is quoted 
from the report of this Committee on 
Testing Instruments: 


“Measurement of a physical quan- 
tity never gives a result which is cor- 
rect in an absolute sense. The numeri- 
cal value determined always differs by 
some amount from the real value being 
measured, and the extent of the devia- 
tion depends upon the type of instru- 
ment and the method of its applica- 
tion. This fact imposes upon testing 
engineers the duty of studying measur- 
ing instruments and methods to such 
an extent that they can show in any 
given case that they have made all 
measurements to the degree of accu- 
racy demanded by the purpose of the 
test. 

“The accuracy attainable in any 
given measurement is dependent upon 
four things: 

(a) The method of applying the in- 
strument, 

(b) The accuracy of the instrument 
itself, 

(c) The accuracy of the observer, 
and 

(d) The characteristics of the quan- 
tity being measured. 

“Tn connection with the accuracy of 
the instrument, it should be noted that 
no instrument is accurate in an abso- 
lute sense. All instruments give only 
a more or less close approximation to 
the value of the quantity being meas- 
ured. It is necessary to use that type 
which will measure to the required de- 
gree of accuracy and to know that it 
is in condition to do so. 

“Accuracy of observers is not com- 
monly given the attention it deserves. 
An observer should always be familiar 
with the theory and the mechanism of 
the instrument which he is using, and 
should understand the degree of ac- 
curacy required on his part in its use. 
However, even after all such precau- 
tions have been taken, there are still 
two forms of observational error to be 
guarded against. These are: 

(a) Accidental errors, due to mis- 
reading the graduations, incorrect en- 
try on the log of a value correctly read, 
failure to perform some _ necessary 
manipulation, etc., and 

(b) Personal errors which are de- 
pendent upon the personal equation 
of the observer, such as carelessness in 
interpolating, tendency to consistently 
read high or low, inability to read rap- 
idly, thus introducing a time lag, etc. 

“The characteristics of the measure- 
ment being made are of particular sig- 
nificance in engineering testing because 
conditions must usually be accepted as 
found. In the laboratory, on the other 
hand, conditions are ordinarily altered 
to facilitate measurement. Thus-a 

(Continued on page 34) 
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SPACE REQUIRED BY ORDINARY FUEL SYSTEMS 


Graph showing how 75% 
of factory space may be 
released by use of gas 
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OPERATING | 





SPACE 






VALUABLE SPACE 
TAKEN UP FOR 
STORAGE OF 

RESERVE FUEL 





Clean, Efficient Fuel 


THE SAME 
BOILER 
EQUIPPED 





SHOWING THAT CAS 
SAVES SPACE 


Piped Direct to Your Boiler 


Gas comes direct to your plant 
through a single pipe—to the point 
where you use the heat. 


With gas you need no space for 
storage of fuel. You have no ashes 
to take up valuable room. No operat- 
ing space, no runways, elevators or 
tracks are required. 


Gas is clean—sootless, dustless, 
ashless. Gas is efficient—instanta- 
neous, controilable, flexible. 


Compare the operating and storage 
demands made by ordinary fuels with 
thesimpledirectness of industrial gas 
service as visualized in the diagram. 


Industrial gas lifts this unprofit- 
able burden from the shoulders of 
your business and transfers it to 
ours. 


BOSTON CONSOLIDATED GAS CO. 


The smoke, soot, cinders, ashes 
and all the attendant evils of fuel- 
combustion remain at our end of the 


pipe. 

At your end of the pipe an unlim- 
ited, unfailing supply of the ideal 
fuel is at your beck and call. 


The Boston Consolidated Gas 
Company is now piping this clean, 
efficient fuel to more than 1600 in- 
dustrial users—approximately 130 
million cubic feet per month, 


The Gas Company has for years 
retained on its staff some of the best 
posted Industrial Engineers in the 
country. 


These men are at your service in 
fitting gas to your business. It costs 
nothing to investigate. 















































































In reinforcing steel, the tendency is 
toward a reduction in the number of 
sizes and shapes. The use of re-rolled 
steel is allowed and increasing. Re- 
quirements are being followed more 
strictly with careful checking of the 
qualities especially by bending tests 
and tensile strength. In practice, there 
is a tendency to use “unit” systems in 
which the reinforcing comes on the job 
made up in collapsed units for beams, 
columns, etc., ready to set in place. 
The small rigid truss type, such as used 
on the Philadelphia-Camden bridge, 
is a very important recent development. 
This is a Warren truss, somewhat less 
in depth than the thickness of the slab 
and using welded or other special con- 
nections for the web members. 


Admixtures 
Admixtures for concrete are in- 
creasing in variety and use. The cal- 


cium chlorides are used to accelerate 
set and the silica compounds to densify, 
and both tend to make the mix more 
workable and to prevent segregation. 
All of these materials are to be used 
with caution with a definite end i 
view. Cement itself is as good an ad- 
mixture as any for increasing perme- 
ability and strength. Admixtures will 
be found, or at least sought for, that 
will cut down the advantage of the 
Alumina cements. 


Developments in Construction Methods 


The most far-reaching development 
in the placing of concrete is the adop- 
tion of muatieae for selecting material 
of desired characteristics and for con- 
trolling the field operations. The fixing 
of arbitrary proportions is giving way 
to logical combinations of cement, 
aggregate, and water designed for 
maximum economy. The results of a 
large number of experiments have in- 
dicated that, given a hard, clean, du- 
rable material, the same strength con- 
crete can be obtained using aggregate 
of widely varying grading as long as 
the ratio of the volume of water to 
cement is such as to produce the same 
consistency. 
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TAPES 
RULES 


DISTINCTIVE IN QUALITY 


Made in patterns best suited to every class of work 


Cat. No. 11— Tapes and Rules 
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The proper mixture and _ water- 
cement ratio for a given material and 
strength desired can be determined by 
experiment or by use of the analytic 
method outlined in the publications of 
Professor Abrams of the Lewis Insti- 
tute. The analytic method makes use 
of a factor called the fineness modulus 
which is the sum of the percentages of 
a given material coarser than each of 
the standard set of sieves. This factor 
is affected, necessarily, by the relative 
proportions of the fine and coarse 
aggregate. The fineness modulus is a 
function of the grading of the material 
and, therefore, of its surface area ds 
well as of the density of the concrete. 
The surface area affects the quantity 
of water which is a measure of strength. 
Average curves, expressing the relation 
between these facts, are given as the 
result of experiment and, if the fineness 
modulus is known, these may be used 
to design the mix for a given strength. 

The proper water-cement ratio, how- 
ever, can best be determined by experi- 
ment. A strength curve for the given 
material is determined first. The 
strength curve has as abscisse the 
water-cement ratio and ordinates com- 
pressive strength of the concrete at 28 
lbs. per square inch. As all of these 
strength curves are similar, it is simply 
necessary to get a point on the curve 
and then draw the curve parallel to 
those given in the publication of the 
Lewis Institute “Design and Control 
of Concrete Mixtures.” A point is 
easily obtained by making several 
cylinders of concrete for test with a 
water-cement ratio of one or some 
other value. These methods are used, 
for example, by the Barney-Ahlers 
Corporation of New York, who have 
developed a device to control the 
water-cement ratio by weighing the 
concrete against the water by an ar- 
rangement which is simply a beam 
balance. Mr. R. B. Young applies this 
method for the Hydro-Electric Power 
Commission of Ontario, Toronto, and 
in many other places it is used in a 
modified form. 


SEND FOR 


NEW YORK 





Cat. No. 4— Tools 


SAGINAW, MICHIGAN 
WINDSOR, CAN. 





March, 1926 





The stumbling-block in the use of 
the method has been the varying grad- 
ing and moisture content of the aggre- 
gates. The carrying out of this system 
is based on accurate control of water. 
The moisture content of the loose 
material increases its bulking and, 
therefore, reduces the volume when 
using volume measurements. This can 
be overcome by determining the mois- 
ture content and changing the water 
by a corresponding amount or by using 
inundation. The inundation method 
is based on the fact that a totally sub- 
merged sand, if not too fine, always 
has substantially the same volume that 
the same sand would if it were ab- 
solutely dry. This immediately sug- 
gests that to measure accurately the 
volume of a given sand, it is simply 
necessary to pour it into a measured 
container with sufficient water to flood 
it. This water can be then deducted 
from the amount going into the mix. 
The water content of the gravel is usu- 
ally negligible. 

The water content is reflected in the 
consistency of the concrete and this 
is easily checked by one of two methods, 
namely, the slump test and the flow 
test. The slump test is one in which a 
truncated cone is filled in a standard 
manner with the concrete, the cone 
withdrawn and the slump noted. The 
flow test requires that a small trun- 
cated cone be filled with cement and 
placed on a special table which by 
means of a cam is lifted and dropped a 
given number of times. The increase 
in diameter as a function of.the original 
diameter indicates the flowability of 
the material. 

It is necessary to check the labora- 
tory tests and the actual mixes by tak- 
ing samples of the concrete in the field 
to be tested. The compressive strength 
and appearance of the samples indicate 
changes desirable in the mix or pro- 
cedure. Many organizations which do 
not use the water-cement ratio for con- 
trol do take samples of concrete for a 
check on the strength. These samples, 

(Continued on page 36) 
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CRANE VALVES . . 





Your future and ours 


Crane recognizes that the fu- 
ture of engineering depends 
upon you engineering students 
of today. Everywhere Crane 
men desire to keep in constant 
touch with your new ideas and 
fresh viewpoints. The manu- 
facturerand the engineer must 
always march together, and the 
sooner the acquaintance be- 
gins the swifter will be the 
progress of both. You will be 
cordially welcomed at the 
Crane Exhibit Rooms, located 
in 103 citiesin the United States, 
where the latest developments 
in piping materials are on dis- 
play. For mutual information, 
Crane men are glad to discuss 
the technical points of valves 

fittings and specialties. 


CRANE. 


Address; all inquiries to Crane Co., Chicago 


GENERAL OFFICES: CRANE BUILDING, 836 S. MICHIGAN AVENUE, CHICAGO 
Branches and Sales Offices in One Hundred and Fifty-five Cities 
National Exhibit Rooms: Chicago, New York, Atlantic City, 
San Franciscoand Montreal 
Works: Chicago, Bridgeport, Birmingham, Chattanooga, Trenton, 
Montreal and St. Johns, Que. 

CRANE EXPORT CORPORATION: NEW YORK, SAN FRANCISCO, MEXICO CITY, SHANGHAI 
CRANE LIMITED: CRANE BUILDING, 386 BEAVER HALL SQUARE, MONTREAL 
CRANE-BENNETT, LTD., LONDON 
C2 CRANE: PARIS, BRUSSELS 
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Steel Sheets that Resist Rust! 


The destructive enemy of sheet metal is rust. 
It is successfully combated by the use of pro- 
tective coatings, or by scientific alloying to re- 
sist corrosion. Well made steel-alloyed with 
Copper gives maximum endurance. Insist upon 


KEYSTONE 


Rust-Resisting 
Copper Steel 


heets 


Black and Galvanized 








Keystone Copper Steel gives superior service for roof- 
ing, siding, gutters, spouting, culverts, flumes, tanks, and 
all uses to which sheet metal is adapted—above or below 
the ground. Our booklet Facts tells you why. We manu- 
facture American Bessemer, American Open Hearth, 
and Keystone Copper Steel Sheets and Tin Plates. 


Black Sheets for all purposes 
Keystone Copper Steel Sheets 

Apollo Best Bloom Galvanized Sheets 
Apollo-Keystone Galvanized Sheets 
Culvert, Flume, and Tank Stock 
Corrugated Sheets 

Formed Roofing and Siding Products 
Automobile Sheets—all grades 
Electrical Sheets, Special Sheets 
Deep Drawing and Stamping Stock 
Tin and Terne Plates, Black Plate, Etc. 


Our Sheet and Tin Mill Products represent the highest standards of quality, and 
are particularly suited to the requirements of the mining, engineering, and general 
construction fields. Sold by leading metal merchants. Write nearest District Office. 


American Sheet and Tin Plate Company 


General Offices: Frick Building, Pittsburgh, Pa. 

District SALES OFrFices 

Cincinnati Denver Detroit New Orleans 
Philadelphia Pittsburgh St. Louis 


Pacific Coast Representatives: UNITED States STEEL Propucts Co., San Francisco 
Los Angeles Portland Seattle 


Export Representatives: UNITED States SteEL Propucts Co., New York City 





Chicago New York 











Measurements 


(Continued from page 30) 


quantity, the magnitude of which is 
continuously changing, is more diff- 
cult to measure at any moment than 
when it is not changing. The more 
rapid the variation, the greater the 
difficulty, and in general the lower the 
accuracy attainable. Again, some quan- 
tities are measured so often under 
similar conditions that the methods 
have been developed in great detail, 
while others are measured so seldom or 
are ordinarily measured under such 
different conditions that little is known 
with respect to details, best methods, 
sources of error, etc.” 


_Stampings Are 
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Short-Wave Radio 


(Continued from page 9) 


use may be made of still shorter wave- 
lengths by elevating the transmitter so 
that the lower cone angle becomes less 
than the 5 or 10 degrees now encoun- 
tered. 

On 40 meters wavelength, the aver- 
age skipped distance is roughly the dis- 
tance from Boston to New York. In 
daytime the skipped distance is from 
100 to 150 miles under ordinary con- 
ditions, so that an amateur may com- 
municate with a friend in New York 
City in the afternoon, and yet not be 
able to do so at night when the skipped 
distance becomes greater. At night, 


Cheaper Than 


Finished Castings 





MALLEABLE IRON CASTING 
Used on a textile machine. 
Weight 33, lbs. 








SHEET METAL STAMPING 
Designed and manufactured by us. 
Weight 134 lbs. 


As the machine using this part requires one hundred 
of these units, the substitution of a sheet metal 


stamping reduced the weight by two hundred pounds. 


casting. 





At the same time, the stamping costs less than the 


If there are any parts of your product now made of 
finished castings, we can probably stamp them out of 
sheet metal at a lower cost. 


For nearly fifty years we have specialized in the 


production of metal specialties. 


This experience 


has been combined with modern machinery and 


skilled workmen. 


Third and Binney Streets 





PETER GRAY & SONS, Ine. 


Manufacturers since 1878 of Sheet Metal Specialties 


- East Cambridge, Mass. 





though not able to communicate with 
New York City, the Boston amateur 
may often communicate with stations 
in Florida, the Canal Zone, Brazil, or 
Argentina, roughly in line with New 
York City. On 40 meters, communica- 
tion is most reliable over distances of 
about 1000 miles, day or night; dis- 
tances in excess of 3000 miles are quite 
readily covered at night with average 
amateur equipment. Just before local 
sunrise appears to be the most favor- 
able time for covering the greatest dis- 
tances, though such transmissions are 
often made from midnight to eight 
A. M. Under average conditions, ama- 
teurs communicate across oceans or 
continents, from one side of the world 
to the other, with a truly remarkable 
regularity considering the small 
amount of power employed — usually 
less than 50 watts. 

Because of the great distances cov- 
ered by present-day transmissions, it 
becomes necessary to take account of 
the differences in time, if an amateur 
desires to establish contact with an 
amateur in another country. A Boston 
amateur in communicating to Euro- 
pean stations has the best chance of suc- 
cess from 3 to 7 P. M., local time, for 
example; in England this corresponds 
to 8 p.m. to 12 midnight—hours during 
which it is most likely that the English 
operators will be at their apparatus. 
On the other hand, the best hours for 
communication with stations on the 
Pacific Coast will lie between 10 Pp. Mm. 
and | a. M., local time, corresponding 
to 7 p.M. to 10 p. M. Pacific time. The 
ten hours difference in time between 
Boston and Australia means that one 
of the amateurs will have to get up 
early, for the best hours are at local 
sunrise, at either station. Transmis- 
sion is then probably accomplished by 
the “night path” from West to East if 
the Boston amateur got up early, or 
from East to West if the Australian 
did the honors, in which case the trans- 
mission would be over a distance 
which is more than half way around 
the world. 


The World’s Longest Telephone 
Cable. Two months ago the world’s 
longest telephone cable, connecting 
New York and Chicago, went into 
service. It is 861 miles long, and for 
717 miles of its length it is carried 
above ground on some 36,000 poles. 
For the remaining 144 miles this cable 
runs underground. Construction of 
the cable began seven years ago, and 
it is now providing 250 channels for 
telephone communication and 500 for 
telegraph messages. 
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o Always marked with the"Diamond" 


P| 


yenkins \alves 


SINCE 1864 


Brothers in the 
Jenkins fraternity 


HE small inch-and-a-quarter bronze globe 

valve and the large iron body gate valve— 
both are Jenkins. Jenkins Valves range in 
size from eighth-inch to valves so large that a 
man could walk through them. 

There are Jenkins Valves for practically 
every requirement, for controlling the flow of 
water, oil, gas, air and other fluids—in power 
plant, plumbing, heating, fire protection and 
other service. 

These valves are built to do their jobs and 
do them well—designed, made, tested and 
guaranteed for the maximum service, not 
merely the average. 

You can tell a member of the Jenkins 
fraternity by the Jenkins “Diamond” mark 
cast on the body of the valve. 


JENKINS BROS. 


80 White Street New York, N.Y. 

524 Atlantic Avenue Boston, Mass. 

133No. Seventh Street. . Philadelphia, Pa. 

646 Washington Boulevard. . Chicago, Iil. 
JENKINS BROS., LIMITED a 

Montreal, Canada London, England | | jerk 


Send for Booklets 


descriptive of Jenkins Valves for 
the type of building in which 
you may be interested 
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The Standard 
for Rubber Insulation 


R nearly half a century the name OKONITE 
has been recognized in the electrical industry 
as being synonymous with quality. 

OKONITE insulation is a rubber compound con- 
taining never less than 30% by weight (over 60% 
by volume) of wild, dry, Up River Fine Para 
Rubber with no admixture of low grade rubber, re- 
claimed rubber or rubber substitutes. 

All products bearing the OKONITE trade mark 
carry with them our unconditional guarantee of 
excellence and unvarying reliability. 

OKONITE is made in but one grade. 


The Okonite Company 
The Okonite-Callender Cable Co., Inc. 


Factories, PASSAIC, N. J. PATERSON, N. J. 


Sales Offices : New York, Chicago, Pittsburgh, St. Louis, 
Atlanta, Birmingham, Sua Peanchen, Los Angeles 


Pettingell-Andrews Co., Boston, Mass. 
Novelty Electric Co., Philadelphia Pa. 
F. D. Lawrence Elec. Co., Cincinnati, O. 


Canadian Representatives : Engineering Materials Ltd., Montreal 
uban Representatives : Victor G. Mendoza Co., Havana 


Hisher Speeds 


O without vibration 


HOUGH unevenly loaded when operated 
at the highest speeds, this rugged electric 
centrifuge is steady. A gyroscope balance 
wheel does the trick. 
Its powerful motor operates equally well on 
A.C. or D.C. current of from 100 to 125 volts. 
Starting and speed control are accomplished 
by a combination switch and rheostat at the 
end of its 10-foot cord. 
Range 500-2500 R.P.M. Complete as illus- 
trated with 15 ml. plain and graduated glass 
$32.50 


L. E. KNOTT APPARATUS COMPANY 


CAMBRIDGE, MASSACHUSETTS 
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usually five a week, are taken through- 
out the period of pouring of concrete. 
The effect is to increase the morale of 
the workmen, to show defective prac- 
tice, and to indicate proper periods at 
which to remove forms or to open the 
structure to traffic. A new use is de- 
veloping in the making of samples in 
winter work to be broken at different 
periods until the desired strength i 

attained. 

All of these new methods: of field 
control tend to give better and more 
uniform concrete, and at the same time 
give the contractor a chance to make 
a profit in proper selection of materials. 
The sizes of the jobs are steadily in- 
creasing, the largest in the world prob- 
ably being that of the Muscle-Shoals 
Power Development, where about 
1,300,000 cubic yards of concrete were 
used. In the jobs covering large areas, 
the problem of placing is a serious one 
indeed. A common method of handling 
concrete is to hoist by towers to hop- 
pers, from which it is transferred by 
two-wheel carts to the forms. Another 
method in widespread use, for areas 
with few obstructions, is to chute into 
place. The material is hoisted to the 
hopper, from which it flows by gravity 
through open chutes to the forms. The 
operation permits a large amount of 
material to be placed in a short time. 
The danger in this method is the tend- 
ency to use too flat a slope of chute, 
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thus requiring a very wet mix, which 
produces a concrete of relatively low 
strength. The chute should never be 
flatter than one vertical to three hori- 
zontal, while a one to two slope is 
usually preferable. 

Realizing that forms use a large part 
of the cost of the concrete construction, 
their design is being carefully studied, 
and various means are employed to 
prolong their usefulness. This is ac- 
complished by office detailing so that 
the form can be built economically and 
easily removed, and by laying out the 
building to give many duplicate panels. 
The steel form, although expensive in 
first cost, has proven itself of value in 
the superior finish obtained and its 
ability to stand usage. The placing of 
steel is now often left to an organiza- 
tion that does nothing but that work, 
and the designs are made so that the 
number of sizes used are a minimum. 
More care is being taken to see that the 
steel is held rigidly in the place for 
which it is designed. 

In the management of concrete con- 
struction, as of other types of construc- 
tion, there is opportunity for far-reach- 
ing improvement with a resulting 
cheapening of construction cost and 
improved quality. More and more at- 
tention is being-given to proper sched- 
uling of construction operations, ona 
large job a small corps of men being 
assigned to this work alone. Winter 


work is being encouraged because it 
keeps the organization together and 
saves money, due to the quicker com- 
pletion of the structure. The danger 
always has been of getting frozen con- 
crete and of decreased efficiency of the 
workers. It has been shown time and 
time again, however, that proper con- 
crete can be made even under severe 
weather conditions if the proper pre- 
cautions are taken. 

Only recently has attention been 
paid to the architectural treatment of 
concrete. This treatment consists of 
surface texture changes and the casting 
in architectural forms. The molded 
surface of concrete is not a beautiful 
thing as usually formed, and many 
have tried to remedy this. The treat- 
ments most used are scrubbing the 
green concrete or bush hammering the 
hardened concrete, and chemical treat- 
ment. The object of these is to remove 
the surface skin and thus expose the 
aggregate. The chemical method ‘is 
most recent and produces a beautiful 
surface. The forms are treated with a 
colloidal chemical such as “contex,’ 
which prevents the hardening of the 
cement in contact with it. The surface 
is washed after removal of forms, and 
this leaves the stones standing out in 
relief. 

Norte: Illustrations are reprinted, by permission, from 
“Concrete, Plain and Reinforced,” Vol. I, 4th edition, by 


Taylor, Thompson, and Smulski: John Wiley & Son, Inc., 
Publishers. 








WILLIAM T. REED CO. | 


Building Construction 


200 DEVONSHIRE STREET, BOSTON 


We are organized and equipped for the 
efficient handling of mercantile and indus- 
trial building construction of all descriptions. 


One of the finest textile mills in the world, built by Wm. T. Reed Co. Several repeat 
_orders have been received from this firm 





SAMSON SPOT ‘SASH CORD 


Trade-Mark Registered U. S. Patent Office 


Made of extra quality cotton yarn, carefully inspected, and guaranteed free from all imperfections of braid or finish. The colored spots 
are our trade-mark, used only with this quality, 
We make braided cord of all sizes, kinds, and colors, for all purposes, including sash cord, clothes lines, trolley cord, signal cord, arc lamp 
cord, and many special cords for —_ purposes 


ATALOGUE AND SAMPLES GLADLY SENT ON REQUEST 


SAMSON CORDAGE WORKS -i- 






88 Broad Street, Boston 9, Mass. 
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Four Advantages 
of Gas 


Dependable— 
any time, any place, 
any quantity. 


Controllable— 
exact temperatures, 
automatically con- 
trolled. 


Economical— 
owest final cost per 
unit of production. 


Clean— 
comfortable factory 
working conditions. 


YOU CAN DO IT BETTER WITH GAS 
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Cut Your Costs 


Improve Your Product! 


True economy, like true 
beauty, is more than skin 


deep! 


For example, in the mat- 
ter of factory fuel. 


The kind that is cheapest 
to buy usually costs you 
most in the end. 


But the advantages that 
go with gas make it the 
most economical fuel in 
the long run. 

You will see why this is particu- 
larly true in your industry when 


you read our new book on gas 
as a factory fuel. 


Write for your copy today—no charge. 


American Gas Association 
342 Madison Avenue :: New York City 
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Baker River 


(Continued from page 18) 


Distribution 

The electric energy from Baker 
River Power House is transmitted 
down the Skagit River Valley at 110,- 
000 volts, through the Sedro-Woolley 
substation to Beverly Park, a distance 
of nearly seventy miles, where it ties in 
with Everett and other cities. Another 
line runs from Sedro-Woolley twenty- 
three miles north to Bellingham at 
60,000 volts, supplying the northern 
district. 

The Baker River development is the 
latest addition to the power generating 
equipment of the Puget Sound Power 
& Light Company, and promises to 
give an abundant supply of electricity 
economically and with high efficiency. 


The Largest Single Condenser 
has recently been completed for use 
at the Port Richmont plant of the 
Philadelphia Electric Company. 

This condenser weighs nearly 500 
tons, is about 30 feet in height, and 
is able to circulate 150,000,000 gallons 
of water per day. 

The main condenser has a cooling 
surface of 70,000 square feet. The 
shell, itself weighing 250 tons, con- 
tains over 51 miles of 1-inch condenser 
tubes, weighing 75 tons. 


WORM DRIVES 


operate smoothly with 


‘AUBURN THRUSTS 


| The use of Auburn Ball Thrusts with 

| their minimum of wear and constant 
thickness insures the least amount of 

| backlash, and avoids jerky starting 
and stopping of the worm drive. 





at 


Auburn Thrusts prolong the life of 
both worm and gear and make a 
smoother operating machine. 





Steel, Brass and Bronze Balls 
Ask for Auburn Data Sheets 


AUBURN BALL BEARING CO. 


44 Elizabeth St., 
ROCHESTER, N. Y. 
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Metal Plating with Gases 


(Continued from page 11) 


“One then notices under the layer 
of copper oxide, partly reduced, the 
presence of a metallized organism 
which has conserved its dimensions, its 
morphological characters, even to the 
minutest details. The whole surface of 
the bee is covered with a thin shell of 
metallic copper. One has the impres- 
sion of being in the presence of a metal 
object, chiseled with great art. 

“As for the mechanism of the metal- 
lization, we believe that the copper 
oxide, on subliming at 400-500° C., 
penetrates into the superficial layers of 
the tissue, and mineralizes them by 
substituting copper for the organic 
matter, the latter being burned by the 
oxygen of the copper oxide. 

“There is nothing to oppose, it seems, 
that one might arrive at metallizing, 
under analogous conditions, animals of 
large stature and even human beings.” 

Professor Zelinsky did not draw any 
other general conclusions from his dis- 
covery, but the mechanism by which 
insects were metallized was a chemical 
replacement process similar to that by 
which the deposition of one metal on 
another is accomplished in the new 
coating process. 


Properties of Coatings by the New 
Process 

In the case of covering iron with 
aluminum, the new process gives an 
aluminum-iron alloy coating that is 
homogeneous, not brittle, and exceed- 
ingly tenacious. Figure 2 is a micro- 
photograph showing why the layer is 
so adherent: the replacement and dif- 
fusion have been so perfect that the 
structure of the metal has not been 
changed; some grains are partially iron 
(ferrite) and partially aluminum-iron 
alloy. There is no well-defined bound- 
ary between the coating and the metal 
of the object. It is because of this that 
the process excels: the resulting coated 
article may be worked mechanically 
without danger of peeling or of crack- 
ing off the coating. 

The coated iron objects are silvery 
in appearance. A very pleasing surface, 
of brilliant silvery luster, is obtained 
by coating objects of smooth surface. 

The coating is of perfectly uniform 
thickness and covers even the tiniest 
cracks, due to the fluidity of the coat- 
ing medium. 

One of the chief values of coating 
iron with aluminum is that the alumi- 
num-iron alloy thus formed is very 
resistant to oxidation at high tempera- 
tures. The life of grate bars, furnace 
parts, pyrometer tubes, and other 
articles of iron that must stand high 
temperatures in an oxidizing atmos- 


phere, is increased many times. Figure 
| shows two porcelain boats, each con- 
taining a treated (on the top) and an 
untreated bar of mild steel. The porce- 
lain boats were placed in an electri- 
cally heated porcelain tube that was 
inclined to create a draft of air over the 
bars. The untreated pieces are badly 
oxidized, while the treated pieces bear 
no trace of black oxide. The bar on the 
upper right appears dull through the 
photographic effect of the thin protec- 
tive layer of alumina that has formed. 
A section of a small bar of iron was 
first treated by the process, then cut 
in half, the section polished and sub- 
mitted to heat in the presence of air. 
The layer of aluminum-iron alloy that 
forms the coating remained silvery 
while the rest became black with oxides. 
The coating also resists the following 
gases at high temperatures: No, He, CO, 
COs, H2O, CHa, and SO, — which are 
the chief gases existing in the atmos- 
phere of industrial furnaces. 

Copper covered with aluminum 
bronze by the process has the appear- 
ance of fine gold. It resists the attack 
of acids, and resists oxidation in humid 
atmospheres as well as being resistant 
to oxidation at high temperatures. 


Industrial Value of the Process 

The process is yet in the experi- 
mental stage in that it has only been 
tried out on small scales. It holds 
undoubted promise because of the 
nature of the coating and the manner 
in which it is achieved. One is not 
limited to small objects. The gases 
search out every small corner of the 
piece being treated. The coating is 
uniform in thickness; it preserves the 
surface details; it is tenacious and 
malleable. 

An entirely new field is opened to 
metallurgy. 


Chrome Nickel Alloy. A new 
alloy made by an English firm will 
stand a permanent temperature of 
1750° to 1800°F. without scaling, 
cracking, or warping. Under this 
severe condition, its tensile strength 
remains at the high figure of 30,000 
lbs. per sq. in. It has about the same 
hardness as cast iron and is very 
valuable because of its high resistance 
to corrosion. It is being extensively 
employed in the manufacture of rings, 
liners, valves, and impellers for boiler 
feed pumps and for high-grade steam 
fittings for high pressure and super- 
heat.—Engineering and Boiler House 
Review. 
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Quarrying Curbstone 


Wedges in place ready to 


Split 


For curbing— 
“oranite lives 


forever” = “= 


No curbing material is as strong and everlasting, 
unchangingly durable, as massive, even-textured, 
natural granite. It is not expensive. Its wide- 
spread distribution makes it the lowest cost 
curbing material available. And it lasts for 
generations — its first cost is fina/. It is not 
chipped or broken. Jt /ives forever, enhancing 
the appearance of both sidewalk and roadway. 
Write your nearest granite quarry — you will be 
promptly supplied with data on the various 
styles and qualities of granite for curbing, 
insuring the maximum of durability with the 
minimum outlay. 


The Split 





The Most Economical 
Curb 


The most economical curb is one whose 
depth is three times its width. 

Best modern practice demands that (1) the 
head of the curb be either pointed or pean- 
hammered, and that (2) the face and back 
of the curb be quarry-split. 

Booklet ‘‘Granite Street Construction’”’ will 
be sent on request. 


The Granite Paving Block Mfrs. Assoc. of the U. S. Inc. 
31 State Street, BOSTON, MASS. 


Representing The World’s Greatest Granite Quarries 
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PREPARE FOR YOUR JOB 


The Explosives Engineer 


Is Devoted to the Technology of Drilling, Blasting, 
Loading and Transportation of Coal, Ore and Stone 


THE EXPLOSIVES ENGINEER, now in its 
fourth year, is taking a higher place every 
month in the industrial press of the country 
and of the world. Its circulation is spread- 
ing wherever there is mining, quarrying, or 
construction. Each issue contains practical, 
usable information for the man who ex- 
pects to take his place in the explosives 
consuming industry. 


In February, for instance, there is an author- 
itative article on blasting in the construction 
of the Philadelphia subway. Another article 
describes a new seismograph which, with 
explosives, is used in determining geologi- 
cal structures. From his twenty-four years 
of explosives’ experience around mines, the 


author of “Advice to Coal Blasters” has 
compiled some practical blasting informa- 
tion. “Road Building Above the Clouds” 
tells why and how Continental Divide 
highways are drilled without the aid of 
modern equipment. There is a portrait and 
a biography of S. A. Taylor, the next presi- 
dent of the American Institute of Mining 
and Metallurgical Engineers. And, of course, 
a Blaster Bill cartoon and the usual biblio- 
graphy of all articles on drilling and blast- 
ing and a list of new patents, digested from 
the technical press of the world. You can 
see it in the college library, but you will 
want a complete file of your own. Send in 
your subscription on the coupon. 


THE EXPLOSIVES ENGINEER 


WILMINGTON 


Published Monthly 


DELAWARE 


NEW OFFER—LESS THAN THREE CENTS A MONTH 


THE EXPLOSIVES ENGINEER, 
941 Delaware Trust Bldg., 
Wilmington, Delaware. 


SUBSCRIPTION RATES 


United States—3 yrs. - $1.40 (ig. 
Other Countries—3 yrs. - 2.00 tyr. $1.00 


I am enclosing $1.00 for a 3 years’ subscription to The Explosives Engineer, to begin with the current issue, if it 
is not already exhausted. (This rate applies only to the United States.) 
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Please send me entry application and rules of the National Safety Competition for The Explosives we 


Trophy, conducted under the auspices of the United States Bureau of Mines. Check if desired. 
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ome day YOU fu- 
ture engineers will 


be the men to be 


NE of the greatest nuisances in city and 

country life today is the incessant block- 
ing of streets and highways for repairs and 
repaving. You hate detours just as much as 
the next man—and it won’t be long before you 
can do a big job toward minimizing them. 


In the meantime, whenever you are con- 
fronted by a ““Road Closed’’ sign, make a 
mental note of why it is there. You'll soon be 
decidedly amazed to discover how rarely a 
brick-paved road requires a detour. 


When the choice of pavements falls to you, 
keep that fact in mind—do your part to give 
us detourless roads. 


VITRIFIED 





ERS BLD¢ 


praised or blamed 








A Book for 


Road Scholars 


If ‘The Construc- 
tion of Vitrified 
Brick Pavements” 
is not already a text- 
bookinyourcourses, 
let us send you a 
personal copy. It is 
an accurate and 
authoritative hand- 
book of 92 pages 
which you will 
want to preserve for 
reference after grad- 
uation, 








3, CLEVELAND, OHIO 
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Don’t Expect Hyatt 


From Any Old Bearing 
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Performance 


Sturdy steel rollers held in a strong cage support the bearing loads on a 
full line contact with a rolling motion instead of the rubbing friction of 
plain bearings. 







Right and left spirals insure a constant circulation of oil over all bearing 
surfaces. No part of the bearing can possibly run dry. 






The steel races inside which the rollers operate are of the proper hardness 
and toughness to keep wear to a minimum, thus insuring dependable 
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YATT Roller Bearings—built of 
finest quality steel—operate fault- 
lessly under the most severe conditions. 


They easily absorb overloads so often 
imposed on industrial equipment, and 
return economies—even under adverse 
circumstances—in the form of lower 
power and lubricant consumption and 
frictionless, carefree service. 


Thirty-five years’ experience manufac- 
turing dependable roller bearings is at 
your disposal, when you specify Hyatt. 





Operation for years without bearing adjustment or replacement. 


One third of a century of study and 
development of bearings for countless 
industrial, automotive and agricultural 
applications is behind every recom- 
mendation made by Hyatt engineers. 


When you specify Hyatt Roller Bear- 
ings you are assured of a lifetime of 
carefree, economical service. Don’t 
expect like service from just any old 
bearing that happens to fit the hole. 
Hyatr Rotter Bgarinc Company, 
Newark, N. J. 


HYATT 


ROLLER BEARINGS 
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The question is sometimes asked: 

Where do young men get when 
they enter a large industrial organi- 
zation? Have they opportunity to 
exercise creative talents, or are they 
forced into narrow grooves? 

This series of advertisements 
throws light on these questions. Each 
advertisement takes up the record of 
a college man who came with the 
Westinghouse Company after grad- 
uation and within the past tem years. 


Engineer! 


Arrest that Bolt , 


HE Sales Department was 

talking in emphatic and easily 
understood language. It was say- 
ing, “We want action.” 

At Westinghouse, action in many 
cases is another word for research. 
And research works toward selected 

JOSEPH SLEPIAN goals. In this case the goal was for 
new apparatus to make unchained lightning more 
respectful of power plants, lines and equipment. 

Today, as a consequence, the electrical industry 
is the beneficiary of the “Autovalve Lightning 
Arrester”, perfected to a degree of efficiency, long 
service and universal utility never dreamed of be- 
fore.~ Behind that picture you find Joseph Slepian. 
With two degrees from Harvard, he started 
training in our East Pittsburgh Shops in 1916. 
A year later he entered the Research Department. 

This was the lightning arrester situation which 
Slepian took into the research camp: There were 
two different types of apparatus. One, called the 
multi-gap, was used chiefly on poles of distribu- 
tion circuits. When lightning struck, it frequently 
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Westinghouse 
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caused transformer troubles and damaged equip- 
ment. For high-voltage application there was 
the cumbersome electrolytic arrester. Its per- 
formance was good enough. But it required con- 
stant attention; was costly of upkeep; and could 
not be used on poles. . 

When Slepian perfected the Autovalve Arrest- 
er, the demand was so great that orders could not 
be filled. It was entirely new. One type of ap- 
paratus solved the whole problem—no more 
costly care. It stands up indefinitely, whether 
used on poles or on the ground—sufficient 
reasons for yearly sales exceeding $2,000,000. 

Such results may depend as much on a phase of 
an engineer’s past training as on his immediate re- 
search. Take the radio horn which gives the natural 
tone to Radiola sets. It was Slepian’s mastery 
of mathematics, in which he specialized at Har- 
vard, which contributed toward that big advance 
in the early days of loud-speaker popularity. 

The man with “hidden reserves” is constantly 
finding them called upon to “climb peaks and cross 
mountains” in institutions like Westinghouse. 












THE TECH ENGINEERING NEWS 


THE MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY 


CAMBRIDGE, MASS. 


°F 


THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY offers 
courses, each of four years’ duration, in Civil, Mechanical, and Electrical 
Engineering; Naval Architecture and Marine Engineering; Mining Engineering 
and Metallurgy, and Geology; Architecture and Architectural Engineering; 
Chemistry, Chemical Engineering, and Electrochemical Engineering; Biology 
and Public Health, and Sanitary and Municipal Engineering; Physics, General 
Science, and General Engineering; and in Engineering Administration. These 
courses lead to the Degree of Bachelor of Science. 


To be admitted to the first-year class, applicants must have attained the 
age of seventeen years, and must satisfactorily fulfil entrance requirements in 
Algebra, Plane and Solid Geometry, Trigonometry, Physics, Chemistry, 
English, History, and French or German, and one elective subject. Examina- 
tions are required in all subjects except Chemistry, History, and the elective, 
the requirements for which are fulfilled by the presentation of satisfactory 
certificates. A division of these entrance subjects between different examina- 
tion periods is permitted. 


Entrance examinations are held at the Institute in September. In June, 
applicants will be examined by the College Entrance Examination Board in 
Boston, New York, Philadelphia, Chicago, and many other cities in America 
and Europe. A circular stating times and places is issued in advance by the 
College Board. 


Graduates of colleges and scientific schools of collegiate grade, and in 
general all applicants presenting satisfactory certificates showing work done at 
another college corresponding to at least one year’s work at the Institute, are 
admitted, without examination, to such advanced standing as is warranted by 
their previous training. 


Graduate courses leading to the degrees of Master of Science, Master in 
Architecture, Doctor of Philosophy, and Doctor of Science are also offered. 
Special Research Laboratories of Physical Chemistry, Applied Chemistry, and 
Science have been established. 

PUBLICATIONS 


Bulletins of General Information, Courses of Study, Summer Session, 
Advanced Study and Research; and the Report of the President and the 
Treasurer. 


Any of the above-named publications will be mailed free on application. 


For information, address 


ADMISSIONS OFFICE 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE 39, MASS. 
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FROM FANCY TO FACT 


N the “Manchester Guardian,” 

one of England’s most famous 
newspapers, there has been a series 
of American sketches written by a 
travelling correspondent. His awe 
at New York’s “giant skyscrapers” 
seems even to have surpassed the 
wonder which most Europeans feel 
when they first gaze upon that sky- 
line. “But,” he continues, “‘the elec- 


tric lift made the skyscraper a fact.” 


In these words he has expressed 


very tersely a truth which many of 
us have come to take for granted. 


Nothing could be more fantastic 
than the sight of those mighty tow- 
ers climbing up through the many- 
colored mists of the great city; noth- 
ing could be more dream-like. And 
yet, nothing could be more useless 
were it not for the thousands of Otis 
Elevators which are busily plying 
within those high walls. 


The skill of architects and engi- 
neers has created a vision, a mirage 
wilder than any of the “cloud-capt 
towers” of fancy. But the Otis Ele- 
vator has made the skyscraper a fact. 


There are over 17,000 Otis Elevators operating in New York City, ranging 
from the lowly hand-power elevator to the 800 ft. speed automatic 
signal control elevator for intensive office building service. All elevators 
in New York carry more passengers per day than the combined subway, 
elevated and surface car lines, amounting to ten million people per day. 
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Antenna of super-power transmitter 





From the studio of WGY in 
Schenectady, six miles from the 
developmental station, there 
may. be controlled a_ great 
number of transmitters, one of 
which is the first super-power 
transmitter in the world. 
WGY, together with its associ- 
ates, KOA of Denver and KGO 
of Oakland, is the General Elec- 
tric Company’s assurance to 
the American public that radio 
broadcasting shall be méin- 
tained upon the highest 
standards. 


A new series of G-E advertise- 
ments showing what electricity 
is doing in many fields will be 
sent on request. Ask for book- 
let GEK-1. 
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One of the power amplifier stages of tne 
world’s first super-power transmitter 


The World’s 
Loudest Voice 


On the rolling plains of South Schenectady, in 
several scattered buildings, is a vast laboratory for 
studying radio broadcasting problems. Gathered 
here are many kinds and sizes of transmitters, from 
the short-wave and low-power sets to the giant 
super-power unit with a 50- to 250-kilowatt voice. 


Super-power and simultaneous broadcasting on 
several wave lengths from the same station are 
among the startling later-day developments in 
radio. And even with hundreds of broadcasting 
stations daily on the air throughout the land, these 
latest developments stand for still better service 
to millions of listeners. 


Only five years old, yet radio broadcasting has 
developed from a laboratory experiment into a 
mighty industry. And alert, keen young men have 
reaped the rewards. 


But history repeats itself. Other electrical develop- 
ments will continue to appear. And it will be the 
college man, with broad vision and trained mind, 
who will be ready to serve and succeed. 


GENERAL ELECTRIC 


GENERAL E CTRIC 


COMPANY, 


SCHENECTADY, NEW 





YORK 





